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Abstract 
Computer games may play a significant role in facilitating creative problem solving; 
engaging game players in the activities such as applying existing knowledge to plan 
future actions, evaluating options and exploring multiple. However, there is limited 
research to date on how to measure the potential of a computer game to facilitate 
such creative gameplay processes. Similarly, it is not clear how to design computer 
games to engage game players in such activity. This research investigates the extent 
to which creative processes can be fostered through computer gaming, with a 
particular focus on the puzzle-game genre. A framework for investigating creative 
processes in this domain is proposed. The framework aims to determine the presence 
of attributes that foster creative processes within puzzle-games and evaluates the 
creative processes employed when people play puzzle-games. The framework 
identifies crucial characteristics of the creative process that emerge throughout the 
process of playing games. Creativity is measured by examining domain-relevant and 
creativity-relevant skills, as well as task motivation during game play. The research 
approach applies survey and observation techniques to investigate the extent to 
which people are engaged in creative processes while playing three popular games 
from the puzzle-game genre. Expert evaluation of these games using a consensual 
assessment technique for game activity analysis determines the design elements 
produce the potential for creative activity. This technique involved experts working 
both separately and together to identify the components of puzzle-games that support 
player engagement in creative processes. Key findings from the evaluation point to 
the importance of the expert review method in identifying game play activities and 
player experiences that yield higher levels of problem solving within each of the 
puzzle games. Outcomes from the research build on our knowledge of how computer 
games foster creative thinking. The research proposes guidelines that build upon our 
understanding of the relationship between the creative processes that players 
undertake during a game and the components of the game that allow these processes 
to occur. These guidelines may be used in the game design process to better facilitate 
creative gameplay activity. A significant research contribution is the ability to create 
games that facilitate creative thinking through engaging interactions with technology.  
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Preface 
Structure of Thesis 
 
The following PhD thesis is submitted as a thesis by published papers. 
The PhD regulations of Queensland University of Technology state: 
8.10 A PhD may be awarded on the basis of the submission of published papers, 
normally indicated in the Stage 2 submission. QUT permits the presentation of 
theses where such papers have been published, accepted or submitted during the 
period of candidature; and where the quality of such papers is approved by the 
faculty and Research Degrees Committee to be appropriate to PhD-level research.  
There are 6 research publications that form the basis of this thesis. Table 1 provides 
an overview of the structure of the thesis, highlighting the progression in terms of 
three components: literature review, papers and study approaches. The thesis is 
structured to provide the reader with a cohesive narrative that illustrates the research 
journey undertaken.  
There were two major studies undertaken during this professional doctorate. The first 
study resulted in the production of four research papers (papers 1, 2, 3 and 4). The 
second study has produced two research papers (papers 5 and 6). The literature 
review that pertains to the study is included and the study approach employed is 
detailed. This provides the reader with the detail necessary to understand the 
motivation for the study in terms of the background literature in the field, as well as 
the methods employed during data collection and analysis.  
The thesis has resulted in a framework for understanding and analysing the creative 
activity that occurs during puzzle-game play. This knowledge is instantiated in 
practical guidelines that may be used to design games to facilitate creative activity 
during gameplay. Due to the exploratory nature of the thesis, as well as the work 
required to investigate creative gameplay activity, the guidelines have not been 
tested. Future work will address this limitation. 
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Table 1: Overview of Thesis Structure 
Chapter Detail Thesis Aims 
Introduction Introduction  
Research 
Approach 
Overview of research approach   
Literature 
Review 
Creative problem solving and the player 
experience 
 
Study 1 
Approach  
Details of the approach to study 1that 
examines creative activity and processes 
within game play  
 
Paper 1 A Method for Measuring the Creative 
Potential of Computer Games 
Understanding creative 
measurement in a game play 
context (RQ1) 
Paper 2 Does Activity in Computer Game Play have 
an Impact on Creative Behaviour? 
Measures the level of creative 
activity within games (RQ2) 
Paper 3 The Creative Process Components: Puzzle 
Game play Experience 
Describes in detail how puzzle 
games facilitate engagement in 
creative processes (RQ2) 
Paper 4 The Impact of Creative Potential through 
Game Play Experiences 
Examines the relationship 
between creative problem 
solving and a player experience 
(RQ2, RQ3) 
Literature 
Review 
Elements of Game play  
Study 2 
Approach  
Details the approach to study 2 that 
deconstructs games in terms of problem-
solving action  
 
Paper 5 Motivation during Videogame Play: 
Analysing Player Experience in terms of 
Cognitive Action 
Examines games in terms of 
cognitive action and describes 
elements of games that lead to  
problem solving (RQ4)  
Paper 6 Design for Creative Activity: A Framework 
for Analyzing the Creative Potential of 
Computer Games  
 
Analysis creative problem 
solving process within game 
activities (RQ1, RQ2, RQ3 and 
RQ4) 
Discussion Discussion / Conclusion  
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BIBLIOGRAPHY OF TERMS  
Creative processes: Creative processes support the use of creative thinking skills 
(see below) and include opportunities for play, exploration, reflection and focused 
engagement with ideas. 
 
Creative process: A creative process is an internal process through which ideas are 
generated. Creative activity: creative activity is the result of individuals being 
intrinsically motivated to interact and act in creative thinking (see below). 
 
Creative thinking: Creative thinking is the generation of new ideas within or across 
domains of knowledge, drawing upon or intentionally breaking with established 
symbolic rules and procedures. 
 
Creative gameplay activity: Creative gameplay activity is the result of individuals 
being intrinsically motivated to interact, and the learning that occurs through playing 
game experiences. 
 
Creative problem solving: Creative problem solving is the ways to encourage 
people to develop problem solving skills are challenging through a series of steps: (1) 
a difficulty is perceived or felt, (2) the problem is located and defined, (3) possible 
solutions are suggested, (4) the implications of these solutions are elaborated, and (5) 
testing of the solution leads to its acceptance or rejection.   
 
Creative assessment: Creative assessment tests to evaluate the creative thinking. 
Creative behaviour: Creative behaviour is a set of acts, which is made explicit 
through behaviour. 
 
Creative thinking skills: The skills are to generate of new ideas within or across 
domains of knowledge, drawing upon or intentionally breaking with established 
symbolic rules and procedures. 
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Introduction 
INTRODUCTION 
Playing computer games is a normal part of daily life in many countries.  Although 
these games are becoming more and more popular, we often hear about the negative impact of 
excessive game use, in terms of game addiction, social isolation and increased violent 
behaviour. These are serious social issues that deserve attention. However, there are positive 
computer game related outcomes that are often overlooked. Research has shown that 
computer games can be used for education purposes (Prensky, 2005), to support feelings of 
well-being (Takatalo et al., 2010), for improving mood and decreasing stress (Russoniello et 
al., 2009), and for intensive training (Kiili, 2005). The research presented here examines the 
impact of puzzle game use on people‘s creative learning processes. Current research 
demonstrates that certain educational games support cognitive and creative learning processes 
(Amory et al., 1999, Kiili, 2005), however no studies have been conducted to determine the 
specific elements within games that support these processes. The aim of this project is to 
understand the relationship between demonstrated in-game creative activity and specific 
computer game components. Previous research studies have examined the impact of games on 
creativity through measures of personal creativity (e.g., Hamlen, 2009; Lee, 2009; Jackson, 
2012), but none have analysed the extent to which players engage in creative behaviour 
during game play. This project addresses this gap by assessing creativity processes that occur 
during game play and identifying the game elements that encourage creativity. The outcome 
is a game design framework that may be applied when creating puzzle games to support 
creative thinking processes.  
RESEARCH QUESTIONS 
Understanding when and how computers games support engagement in creative 
processes is the research problem addressed in the thesis. The project involves the 
development of a unique framework for analysing creative learning processes within a puzzle 
game context. The specific research questions in this research are as follows: 
(RQ1): How can the crucial process-related characteristics of creative activity be 
measured within the context of computer game play?  
Introduction 19 
This question focuses on the characteristics of creative processes that may occur during 
a game-play session. At present it is not clear how creative processes might be measured 
within a computer game context. Addressing this aim requires an extensive analysis of 
literature related to creativity and assessing creative processes and an application of this 
knowledge within a computer game context. The adaptation of existing research within this 
new domain allows for the measurement of creative activity within computer game play. 
Throughout the thesis we investigate the issue of creative activity within gameplay using 
games from the puzzle genre.   
(RQ2): To what extent do players engage in creative thinking processes during puzzle-
based computer game play?  
This question focuses on the extent to which puzzle-based computer games foster 
creative thinking processes. Using the outputs generated through addressing research question 
one, the types of creative thinking processes people use while playing these games are 
investigated. The research allows for an assessment of the extent to which specific gaming 
experiences facilitate creative thinking.  
(RQ3): How does engagement in creative activity in games impact on the player 
experience? 
This question focuses on the relationship between creative activity during game play 
and the player experience. The research study use a PENS survey that is designed to explain 
the game play factors that lead to enjoyable and meaningful player experiences. This research 
question is examined in the context of puzzle-game play.   
(RQ4): How do specific game design elements facilitate a player‘s engagement in 
different components of the creative process during the game play experience? 
This question focuses on specific game elements that extend the range of creative 
activity experienced. There is no existing knowledge on how we might design and develop 
games to support and facilitate player engagement in creative thinking activities. This 
question addresses the need to understand how specific elements of a game‘s design (e.g., 
challenges and rules) influence in-game creative behaviour. The relationship between the 
creative components, game elements and player experience is analysed in the context of 
puzzle games.   
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RESEARCH AIMS & OBJECTIVES 
The objective of this research project is to develop a game design framework that 
assesses the extent to which existing games facilitate creative thinking processes and supports 
the development of games that effectively support engagement in creative activity. The 
research aims to examine levels of creative problem solving that occur during puzzle-game 
play and also determine the game design elements necessary to facilitate creative game play. 
Findings from this research will assist designers in creating computer games that support the 
development of creative thinking skills. The framework identifies specific game elements that 
promote creative skills during puzzle-game play.  
RESEARCH SIGNIFICANCE 
Creative thinking processes are a key element in helping people to problem solve 
(Runco, 1994) and digital simulations and games may play a significant role in facilitating 
exploration and creative problem solving. Although there are educational computer games 
that have been designed to support cognitive and creative processes (Robertson and Howells, 
2008), to date, researchers have not examined the potential of commercial games in terms of 
their ability to facilitate creative learning processes. This research aims to better understand 
the potential benefits of commercial games for promoting creative thinking and to assist the 
game industry in the creation of future games to support such processes. The proposed 
research is significant in that it will assist in adding a new and helpful educational dimension 
to either educational or traditional commercial games. It is focused on identifying the key 
specific components of computer games that support creative activity. It will map elements of 
computer games to components of the creative process. Output from this research is a 
concrete framework that will guide game designers in the creation of games to facilitate 
people‘s creative thinking skills. 
SCOPE & LIMITATIONS 
Popular games span different genres, narratives and mechanisms. This research will 
focus specifically on popular puzzle games. The sample size in this case study depends on the 
timeline of research. This research is not concerned with improving engagement in games. 
The framework relies on the game play activities and player experiences to yield levels of 
problem solving within puzzle game play activities for each game. 
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Research Approach 
This chapter describes the design adopted to achieve the aims and objectives of this research 
project. The methodology design examines the levels of creative problem solving during 
game play experiences and also determines the game design elements necessary to facilitate 
creative problem solving within games. Findings from this research will assist game designers 
to create computer games that support the development of creative thinking skills through 
game elements.  
RESEARCH DESIGN  
This research is divided into two main study stages. The first stage involves a game play 
study which examines players using the established creativity criteria to determine levels of 
creative activity. The second stage is an expert analysis of the games used in the game play 
study to identify elements of the game that support cognitive problem solving activity.   
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Figure 1: Overall research approach 
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Figure 1 shows the overall research approach. The first stage of the research focuses on 
how games engage players in creative activity. Theoretical and practical knowledge of game 
design was acquired in coursework undertaken as a part of the professional doctoral program. 
To link the coursework to the thesis research a small initial project involving the development 
of a serious game was undertaken. A review of the literature examines creative problem 
solving and the player experience. An important aspect of the initial research involved 
understanding how to measure the creative processes that occur during game play (Paper 1) 
and how the occurrence of these creative components allows us to analyse levels of creative 
performance specific games that facilitate in Paper 2 and Paper 3. All volunteer participations 
in the study involved being observed while playing the three selected games: Portal 2, Braid 
and I-Fluid. The order in which players were presented with the games was varied to avoid 
order effects. Each participant was engaged in gameplay for approximately 45 minutes in 
total, playing each game for 15 minutes. Nineteen participants were involved in the study; six 
were female and 13 were male. Their ages ranged from 18 to 34 (M= 23.79, SD= 4.35). Most 
participants were familiar with playing games with 52.6% indicating that they played games 
daily, 15.8% several times a week, 15.8% once a week, 5.3% once a month; 10.5% indicated 
that they do not play videogames. The findings from stage 1 serve as an input to the 
consensual assessment technique used in stage 2.  
Initial research in stage 2 involved an analysis of game play data collected with respect 
to the impact of creative activity on player experience (Paper 4), as well as a literature view 
focussed on the key elements within games (e.g., goals, feedback) that influence player 
activity. The second stage adopts an expert review approach (Hill et al., 2005) to analyse the 
games used in stage 1 of the study. Using the key elements identified through the literature 
review, experts analysed game play videos collected as part of the stage 1 study to identify the 
types of activities undertaken by players. The findings show that the expert review method is 
able to identify the game play activities and player experiences that related to problem solving 
within the game (Paper 5). Finally, the study results show the framework developed 
throughout the thesis is suitable for measuring the creative process that occur during game 
play and the elements within games that should be included within games to promote creative 
problem solving (Paper 6). This study was refined using a two stage process. Firstly, the six 
participants, who were either PhD students or researchers in game design, were involved in 
brainstorming ideas related to items that could be considered in each category. They worked 
with an initial set of items and were involved in categorizing them, assessing their 
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appropriateness, and including new items. The second stage of the process involved three 
game design experts analyzing the three puzzle-based used throughout our study using the 
resultant checklist. The experts played each game for 30 minutes and then assessed each item 
in the checklist on a 7-point Likert scale. The scale indicates their level of agreement from 
strongly disagree to strongly agree relating to each statement provided within the gameplay 
activity checklist. Discrepancies were addressed through a group meeting where items were 
discussed and refined in order to ensure the experts had a complete understanding of the 
checklist items and that they were clear and readily interpretable. 
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Literature Review - The Creative Thinking 
Process and Computer Games 
This chapter reviews the current research that has been conducted in the field of 
creative thinking process and computer game play. The primary focus is on creative 
process with the view of analysing the extent to which games promote creative 
thinking process and the current work that has been conducted in the field of game 
play for creative problem solving.  
COGNITION AND CREATIVITY  
This section reviews literature focusing on the crucial process-related 
characteristics of creative activity which encourages people‘s creative thinking skills 
– (RQ1), the types of creative thinking processes people use while problem solving.  
Cognition and creativity are key elements of a human‘s development. People 
make decisions and solve problems through the use of cognitive and creative 
processes (Runco, 1994). Cognitive skills refer to the ability of a person to formulate 
methods that may contribute to systematic problem solving (Clements, 1986). People 
use cognitive processes to keep track of their understanding, initiate activities and 
organize their attention (Resnick, 1987) and they are involved in creative 
performance (Amory and Seagram, 2003). Creativity is often described in terms as 
creative thinking or the ability to problem solve (El-Murad and West, 2004).  
Problem solving is the process of finding a correct path through a problem 
space. Problem construction can be seen as the development of a series of self-set 
goals that may contribute to people‘s motivation to apply creative thought to address 
a problem and work through the problem solving processes (Mumford et al., 1994). 
Identifying ways to encourage people to develop problem solving skills are 
challenging and many scholars have modelled the human problem solving process. 
For example, the Dynamic Hierarchical Model for Problem Solving (DHMPS) 
represents problem solving as an analysis of familiar features, as influenced by 
learning and experience, in relation to corresponding applications of strategies such 
as thinking and analysing (Wang and Hwang, 1989). Dewey (1910) outlined five 
stages in the problem solving process through a series of steps: (1) a difficulty is 
26 Literature Review - The Creative Thinking Process and Computer Games 
perceived or felt, (2) the problem is located and defined, (3) possible solutions are 
suggested, (4) the implications of these solutions are elaborated, and (5) testing of 
the solution leads to its acceptance or rejection (Dewey, 1910).  Based on existing 
literature it is clear that problem solving and creativity processes are closely related, 
with problem solving typically being embedded within activities that require the 
application of creative thinking.  
Creativity  
Research on creativity has resulted in multiple definitions, perspectives and 
models. Creativity has been defined as the gifted ability of human beings in thinking, 
interfacing, problem solving and product development (Wang, 2008b). Torrance 
(1965) defined creativity as the process of becoming sensitive to problems, 
deficiencies, gaps in knowledge and missing elements (Torrance, 1965). Creativity 
has been identified as consisting of at least four components: (1) the creative process, 
(2) the creative product, (3) the creative person, and (4) the creative situation 
(MacKinnon (1970), Mooney (1963) in (Brown, 1989b). It has also been grouped 
using four definitions: product, person, press (the ―press‖ of the environment), and 
process (Santanen et al., 2002a).  
This study concentrates on the thinking processes employed during creative 
activity. The creative process is the result of sustained and complex mental effort 
over time (Santanen et al., 2002b). To understand the creative process, criteria 
related to creativity activity must be clearly stated and readily translated into 
assessment (Amabile, 1983). The creative process consists of a step-by-step 
sequence of mental activities. It involves problem discovery, goal identification and 
the application of heuristic tasks (Campbell, 1960, Getzels and Csikszentmihalyi, 
1976). Creative problem solving is constructed within a certain set of goals and 
paths, and taking into consideration the problem conditions (Wang, 2008b).   
Problem sensitivity is an important aspect of creative thinking. Creativity 
involves sensitivity to problems and everyday curiosity, as individuals find problems, 
manage discrepancies and find answers to things they do not understand (Guilford, 
1950). Becoming sensitive to problems as well as deficiencies and gaps in 
knowledge is central to the creative thinking (Torrance, 1965). Creativity involves 
thinkers grasping the essential features of the problem and understanding how these 
features relate to the final solution (Wertheimer, 1945).  
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Divergent and convergent thinking are core elements of creative processes. 
Divergent thinking is important for idea generation (Amabile, 1996) and necessary to 
generate many alternative solutions to the problem (Gordon, 1961). Creative ideas 
result from the novel combination of two or more ideas that have been freed from 
their normal links (Spearman, 1930). Convergent thinking in a creative process 
occurs in the idea validation stage (Amabile, 1996). It allows an individual to select 
the correct way to approach the task at hand (Sviderskaya, 2011), with the ability to 
select a single response from a series of alternatives (Clark et al., 1965).  
Although there are a number of different ways to consider creativity, this thesis 
research focuses on creativity in terms of the creative problem solving process. 
Based on the review of the literature, creativity from this perspective is defined in 
terms of: 
 Sensitivity to problems (Torrance, 1965; Guilford 1950). 
 The process of finding appropriate solutions through the exploration of 
multiple paths (Wertheimer, 1945; Wang, 2008B; Sviderskaya, 2011). 
 Motivations of curiosity, discrepancies and gaps in knowledge to drive the 
creative problem solving process (Spearman, 1930; Torrance, 1965). 
 The process of evaluating solutions and settling on the most appropriate 
for the given problem space (Clark et al., 1965; Sviderskaya, 2011). 
Creative Thinking Processes  
Understanding the creative process influences the way individuals explore and 
transform their thoughts. It is an internal process through which ideas are generated 
(Warr and O'Neill, 2005). Creative processes are supported by opportunities for play, 
exploration, reflection and focused engagement with ideas (Loveless, 2002). Wallas 
(1949) described four steps in the creative process: preparation, incubation, 
illumination and verification (Wallas, 1926). Hayes (1989) identified that creative 
acts involve a stage of preparation, goal setting, representation, searching for solution 
and revision (Hayes, 1989). Amabile (1996) examined five steps in creative process 
through a sequence of steps: (1) problem presentation, (2) preparation, (3) response 
generation, (4) response validation, and (5) outcome (Amabile, 1996). According to 
Von Oech‘s research, creative processes can be grouped into two phases: the 
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germinal phase and the practical phase (Von Oech, 1990). The Germinal Phase 
includes the five steps listed below. These steps represent as means through which 
existing research in this field can be organised. Examples of research that relates to 
each step is included after each of the descriptions below:   
 Motivation: Motivation refers to the desire to be creative (Amabile, 
1996).  
 Search: This step involves information gathering, looking in other fields 
for ideas, looking at the big picture, and being willing to go astray 
exploring other areas (Hayes, 1989; Amabile, 1996; Wallas, 1926).  
 Manipulation: This step involves transforming and manipulating the 
resources and ideas found, delaying judgment and eliminating some 
assumptions (Hayes, 1989; Amabile, 1996; Sviderskaya, 2011).  
 Incubation: This step involves walking away from the problem after a 
time of focused attention and turning it over to the subconscious. Letting 
go will assist in putting the problem into perspective, and the idea planted 
will grow. Delaying action will often improve ideas. Incubation is the 
stage of consciously thinking about the problem in terms of negative and 
positive facts. Frequently, during incubation inferences are made and the 
results are actions that are based on interruption (Wallas, 1926, Wang, 
2008b).  
 Illumination: This step involves idea generation. Illumination can strike 
at any time, so it is important to always carry a means of recording an idea. 
Illumination is the stage that immediately precedes and accompanies an 
idea. Illumination occurs when a solution or concept is attained (Gutierrez 
and Greenberg, 1993b).  
By comparison, Wallas described the first preparation step in the creative process as 
the processes of motivation, search and manipulation (Wallas, 1926). For Amabile 
(1996), this process equates problem presentation and preparation (Amabile, 1996) 
and involves investigating the problem. It includes data gathering, which results in a 
proposed idea and plan (Gutierrez and Greenberg, 1993b). The initial step in this 
sequence is the presentation of the task or the problem (Amabile, 1996). The second 
stage is preparatory to the actual generation of responses or solutions. The third stage 
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in the process proposed by Amabile involves generating response possibilities by 
searching through the available pathways and exploring features of the environment 
that are relevant to the task (Amabile, 1996). 
 Von Oech‘s practical phase involves harvesting the benefit of thinking as 
evaluation and action steps (Von Oech, 1990): 
 Evaluation: This step involves making a decision and evaluating ideas. 
 Action: Completing the creative process through action.   
  Wallas also described the last steps in the creative verification process in 
terms of evaluation and action (Wallas, 1926). It is at the verification stage that ideas 
are tested. This stage has alternatively been referred to as revision (Hayes, 1989) and 
response validation and deciding the outcome (Amabile, 1996). Validation and 
decision making in Amabile‘s model are interrelated, with validation involving the 
testing of a response possibility and the final stage being underpinned by a decision 
based on the test performed (Amabile, 1983). 
Von Oech 
(1998) 
Wallas (1949) Hayes (1989) Amabile (1996) 
Creative 
processes 
Motivation     Problem presentation 
Motivation / 
Sensitivity 
Search 
Preparation 
Goals setting 
Preparation 
Gap / 
discrepancy 
identification Manipulation Preparation 
Incubation  Incubation Representation 
Response Generation 
Divergent 
thinking 
Illumination Illumination 
Searching for a 
solution 
Evaluation 
Verification Revision 
Response Validation 
Convergent 
thinking 
Action Outcome 
Table 2: A summary of creative processes 
Table 2 identifies key stages of the creative processes based on a synthesis of 
the literature. According to previous models, the process of incubation and 
illumination phases focus on the need to generate ideas. These phases refer to the 
diverging that involves the person producing many options with fluency (Treffinger 
et al., 1994). It involves the ability to readily process information and use this 
information to reformulate knowledge (Barron et al., 2007). Verification is a stage of 
idea testing and selecting the best or most useful ideas. A person with good 
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convergent thinking skills is good at bringing material from a variety of sources to 
bear on verification of a problem (Hudson, 1967). Understanding the key 
components of the creative process is a fruitful starting point for considering how to 
measure the extent to which players engage in creative activity during game play. 
The key aspects of prominent researchers in the field of creativity have been 
identified through this literature review. Based on the review, creative processes are 
summarised in in terms of: 
 A motivation and sensitivity to problems. 
 The process of finding appropriate solutions, discrepancies and gaps in 
knowledge to drive the creative problem solving process.  
 The process of idea generation (divergent thinking). 
 The process of idea validation (convergent thinking). 
Each of these processes embody specific elements (e.g., goal setting, testing a 
response) that form the components of creative performance. A componential 
framework (Amabile, 1996) that considers these elements of the creative process is 
discussed in the next section. 
Componential Framework of Creativity 
The componential model of creativity describes the ways in which we enter 
into stages of the creative process in terms of problem solving. Amabile and 
colleagues (Amabile et al., 2005) proposed a theory of creativity in which 
background knowledge, social factors, and environmental influences all contribute to 
the creative activity (Finke et al., 1992). The componential framework of creativity 
(Amabile, 1989) has problem solving at its core and includes three major 
components: domain-relevant skills, creativity-relevant skills and task motivation. In 
an appropriate environment, high levels of the three components occur to yield high 
levels of creative performance (Lubart and Sternberg, 1995).The framework has been 
applied examine the aspects of managerial practice that affect creativity (Amabile et 
al., 1996). In seeking to understand the creativity, El-Murad and West adopted a 
similar approach to Amabile‘s work and identified positive motivation as having an 
immediate effect on creative performance (El-Murad and West, 2004).  
Figure 2 illustrates the three major components that apply to creativity in 
relation to Amabile‘s five stages of problem presentation (Amabile, 1989). This 
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decomposition of activity into elements or components allows for a clearer definition 
of the creative process. It connects stages in the creative process to specific activities 
within the categories of domain-relevant skills, creativity-relevant skills and task 
motivation. 
Figure 2: Componential framework of creativity (Based on (Amabile, 1983)).  
First, task motivation accounts for motivation variables that encourage an 
individual‘s approach to a given task. This component is responsible for initiating 
and sustaining the creative process (Amabile, 1983). Research has demonstrated 
creativity is most likely to appear when a person is intrinsically motivated (Amabile, 
1996). Task motivation includes two elements: the individual‘s baseline attitude 
toward the task, and the individual‘s reasons for undertaking a given activity. Task 
motivation is specific to a particular task and represents a baseline attitude toward 
the task and typically matches the person‘s interest (Brown, 1989b). Within this 
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thesis we identify task motivation as an important component within the problem 
presentation stage and during response generation. Task motivation refers to the 
difference between what an individual can do and what he/she will do (Amabile, 
1996). 
Second, domain-relevant skills form the basis from which any performance 
must proceed. This component incorporates factual knowledge, technical skills and 
special talents in a particular domain. The information, skills and talents that an 
individual brings to a task influences preparation within a creative problem solving 
process. Domain-relevant skills define the set of possible responses available to a 
person (Amabile, 1996). Any problem domain consists of a unique set of rules and 
practices (Wang, 2008b) and this knowledge allows people to identify various 
strategies for conducting information analysis. Domain-relevant skills provide the 
material drawn on during operations that determine problem solving pathways. They 
also provide the criteria that will be used to assess the response possibilities 
(Amabile, 1983). Knowledge of a particular domain influences the evaluation 
process (Brown, 1989b). Domain knowledge has been identified as a central 
component of the creative process and core to this research project.     
Creativity-relevant skills include cognitive style, application of heuristics for the 
exploration of new problem paths, and working style (Amabile, 1983). These factors 
influence the response generation process. Heuristic thinking is a skill that relies on a 
person‘s intellectual and emotional comfort with a situation. Differences in cognitive 
style result in different behaviours individuals apply when they gather and evaluate 
information (Gutierrez and Greenberg, 1993b). Creativity-relevant skills act as an 
executive controller that influences the way in which the search for responses will 
proceed (Amabile, 1983). Brown (1989) stated that creativity-relevant skills include 
the ability to concentrate for long periods of time (Brown, 1989b). The relevant 
characteristics commonly reported as correlates of creative people, including self-
discipline, ability to delay gratification, perseverance, and absence of conformity 
(Brown, 1989). Problem solvers automatically activate areas of knowledge that are 
associated with the past problem solving experience and relevant knowledge 
(Santanen et al., 2002b). This component includes a cognitive style characterised by 
the ability to break set during people‘s problem solving. This involves the ability to 
break away for standard thinking, approaches and solutions during problem solving. 
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Individuals can gain experience from idea generation that may inform their own 
strategies for creative thinking (Amabile, 1996). 
In summary, three components influence the creative processes. Task motivation 
influences the quantity of ideas. Domain knowledge will play an important part in 
generation of an acceptable solution. Creative-relevant skills will influence the 
quality of the ideas produced. The three components are crucial characteristics of a 
creative process in terms of problem solving.  
Creative Measurement 
 The investigation of creative processes has been undertaken to better 
understand how we can measure creativity. Creativity is difficult to define and there 
have been a broad range of theories and techniques developed to understand and 
measure it. The most accepted methods of creative measurement can be grouped into 
three broad categories: personality tests, biographical inventories, and behavioural 
assessments (Amabile, 1996).  
Personality tests were specifically designed to assess trait characteristics of 
creative individuals (Amabile, 1996). The Torrance Test of Creative Thinking 
(TTCT) (Kim, 2006) tests personal creative thinking. The TTCT, developed by 
Torrance in 1966, appears to be a good measure for identifying the personal traits 
that underpin creativity. The TTCT has documented personal traits that are present in 
highly creative individuals (Chavez-Eakle et al., 2006). Davis in 1975 described six 
major trait clusters in the creative personality: (1) energetic originality, (2) creative 
interests and activities, (3) creative writing and attraction to the complex, (4) self-
confidence and sense of humour, (5) freedom and flexibility, (6) arousal seeking, 
risk-taking, and playfulness (Selby et al., 2005).  
A second approach to the measurement of creativity has been the 
administration of biographical inventories (Cattell, 1957). A biographical inventory 
can predict creative achievement by focusing on five categories: family history, 
educational history, leisure activities, physical characteristics, and miscellaneous. 
The measurement can be used in the identification and development of creative 
potential (Schaefer, 1969). Generally measuring this creative potential involves 
assessing aspects of the human personality. It is achieved through self-report 
measures using personality profiles, inventories, questionnaires, or checklists (Selby 
et al., 2005).    
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A third approach is behavioural assessment. Behavioural assessments have 
been chosen as the focus of this study. Behavioural assessment allows for the 
measurement of creativity from a process perspective; the processes discussed in 
previous section can be measured as behaviours that occur during creative problem 
solving. These processes can be considered within the context of computer game 
play. This research approaches creative assessment through the components of 
creative processes – i.e. task motivation, domain relevant skills and creativity 
relevant skills – in relation to in-game activities and behaviours that can be observed 
during the game play. 
Task motivation is assessed through an examination of the social-
environmental influences of motivation. These are intrinsic and extrinsic factors that 
support autonomy, competence, control, and task involvement (Amabile, 1996). 
Intrinsic needs such as competence, autonomy, and relatedness are the core 
motivational dynamics that operate across the interactivity between the game and the 
player (Rigby and Ryan, 2011). These needs of competence (sense of efficacy), 
relatedness (social connectedness) and autonomy (volition and personal agency) map 
to the social-environmental characteristics identified by Amabile (Amabile, 1996). 
       In the early 1980‘s, Malone (Malone, 1981) identified three categories of 
individual motivations during game play: challenge, fantasy, and curiosity. This 
original theory was later expanded to add control as an individual motivation, as well 
as cooperation, competition, and recognition as interpersonal motivations (Malone, 
1987). Increasingly, the social components of game play are being explored as 
motivations for game play (Cole, 2007, Yee, 2006). While intrinsic motivation is 
central to videogame play, research has also examined the influence of extrinsic 
motivation on the game play experience.  
      Domain-relevant skills determine the initial set of pathways to search for a 
solution and the ability to verify an acceptable solution (Amabile, 1983). The skills 
can be evaluated through examining how well the player understands the game 
domain. Understanding of the game‘s goals and sub-goals at a particular point and 
the actions available to achieve these goals is important domain knowledge. Domain-
relevant skills will be assessed through examination of factual knowledge of the 
domain in question and the technical skills demonstrated. Domain-relevant skills are 
driven by task motivation. Task motivation is increased by a positive environment 
and earlier success in tasks (Amabile, 1983).  
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Creativity-relevant skills influence the quality of the ideas produced (Amabile, 
1983). Creativity-related skill can be measured by observing the extent to which 
individuals approach a problem through: 
 Deconstruction and planning: rearranging the elements of problems, identifying the 
important elements in the problem, structuring the elements of a problem, looking for ways 
to move closer to the goal 
 Considering ―intermediate impossibilities‖: not being concerned with the validity of an idea, 
but looking for its value in producing new ideas 
 Extended problem-solving effort: engaging concentrated ―work‖ sessions 
  Playing with ideas: trying something counterintuitive, exploring possibilities (Amabile, 
1996).  
The three components of task motivation, domain-relevant skills and creativity-
relevant skills are crucial characteristics of a creative process. We propose that the 
creative potential of computer games may be measured using these three major 
components. The following section provides examples from the literature on the 
computer game play experience, considering it in terms of problem solving and 
creative thinking.    
COMPUTER GAMES AND CREATIVE PROBLEM SOLVING  
Computer games, with their ability to energise and motivate players, have the 
potential to facilitate creativity and creative problem solving. They have been 
demonstrated to improve visual perception, processing and attention (Green and 
Bavelier, 2003). Creative activity occurs through engagement in multiple and related 
tasks (Amabile, 1996) and computer games that consist of one or more causally 
linked challenges may foster creative processes (Amory, 2007). Games may present 
a series of challenges that can provide the incentive to engage in the act of gaining 
knowledge, effortful thinking and generating responses to problems presented. 
Games have potential to foster people‘s ability to communicate and interact 
(Inal and Cagiltay, 2007) and playing games can play a significant role in helping 
people to learn (Paras and Bizzocchi, 2005). The author agrees with the body of 
research that points to the positive impact of playing games on learning, and more 
specifically Robertson‘s point that they offer a broad range of opportunities for 
successful learning (Robertson and Howells, 2008).  Learning the rules of a game 
allows players to interact with game objects, avoid frustration and address 
challenges. In many game experiences players enjoy freedom in terms of decision-
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making. The interactive experience with the game environment allows people to 
express their creativity and intentions (Sweetser and Johnson, 2004). Creating 
authentic and engaging gaming activities that incorporate educational content and 
processes may lead to new learning practices. The informal learning linked with 
games can provide a foundation for innovation which can be applied in a formal 
learning context (Spikol and Milrad, 2008a). Prior research has suggested that a 
person‘s ability to address a problem depends on applying domain knowledge and 
skills associated with analysing information in the problem space (Sutherland, 2002). 
Game performance may be influenced by the player‘s prior experience (Hong et al., 
2012b).  
In terms of problem solving, computer games have contributed to the practice 
of enhancing problem-based learning processes. The experiences and learning that 
occur in computer games may enhance creative processes (Yee Leng et al., 2010). 
Games support the development of critical thinking through visualization, 
experimentation and creativity (Amory, 2007; Betz, 1995; Rieber, 1995). They 
provide the players with the theoretical tools to think critically about the challenges 
(Rockwell, 2002). Visualisation and problem-solving are an integral part of 
adventure and strategy games and players are able to visualize the cause and effects 
of their own actions and develop intrinsic decision-making skills (Betz 1995 in 
(Amory, 2007); (Amory et al., 1999)). Game elements may provide a problem 
solving experience as players break down tasks, engage meta-cognitive skills and 
think critically.  
The social forces that support creativity are present as people play games 
(Amabile, 1996). These social forces – prior activity, play, fantasy and competition – 
can have a positive effect, possibly by the active engagement in creativity-relevant 
processes (Amabile, 1996). Within games players learn the rules of social 
engagement, established standards of conduct and follow codes of behaviour, while 
also safely experimenting with the violation of these codes (Wright et al., 2002). 
Players express their creativity and intentions by playing the game in the way that 
they want (Sweetser and Johnson, 2004). Games offer an opportunity to explore new 
creative uses through the diverse ideas generated by communities of players. Players 
gain meta-cognitive skills and group identity that influence their experiences 
(Turcsányi-Szabó et al., 2006).  
Game experiences that are active and provide intrinsic motivation have great 
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potential to support learning processes (Paras and Bizzocchi, 2005). The author 
agrees with research playful game environments have the potential to foster activity, 
creativity, imagination, and group work skills, along with academic achievement 
(Kangas, 2010). Importantly, prior creative activity can have a positive impact on 
learning, intrinsic motivation, and subsequent creativity (Amabile, 1996). Engaging 
in playful activities or fantasy can have a positive effect that influences active 
engagement of creativity-relevant processes (Amabile, 1996). The relationship 
between educational theory and game design appears to require that appropriate 
puzzles are integrated into a strong story-line to create an entertaining experience 
(Amory and Seagram, 2003). This study focuses on the engagement in creative 
activity that is the result of individuals being intrinsically motivated to interact, and 
the creative process that are facilitated through positive experiences.   
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Research Approach Study 1 
The first stage of the research focuses on how games influence player 
creativity through an analysis of domain-relevant skills, task motivation and 
creativity-relevant skills. The components can be measured through examining how 
players approach activities within games, for example, how they cope with 
complexity when addressing problems during game play and their ability to consider 
multiple approaches (i.e. set breaking) and taking a wide approach to problem 
solving (El-Murad and West, 2004). The methodological contribution of the study 
demonstrates the creative behaviours and processes that occur during game play. 
These behaviours are examined using behavioural observation techniques and verbal 
protocol analysis. Behavioural observation techniques and verbal protocol analysis 
may be applied to identify and quantify predictors of creativity (Ruscio et al., 1998).   
This technique builds on research in human-computer interaction that examples 
behaviour through articulating cognitive processes through verbalisation and think 
aloud (Ericsson and Simon, 1980). Then, this study applied verbal protocol and 
behavioural observation technique for gathering information during gameplay. The 
data gathered analyses the relationship between the components of creativity, 
through the creative game potential measures outlined in previous chapters. Game 
task behaviours and verbalizations are coded to obtain empirical indices of the 
assessed factors: task motivation, domain-relevant skills and creativity-relevant 
skills. The observations constitute evidence of game activities that have a positive 
impact on creative potential. 
Findings from stage 1 will establish the extent to which games facilitate 
creativity and how the components of creativity are involved. The outcome of the 
study is a categorisation of each of the games played based on an analysis of its 
effectiveness in facilitating the components of creativity. A complete overview of 
how this study fits into the overall thesis approach can be found in Research 
Approach (page 22) and Figure 1.  
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METHODOLOGY AND RESEARCH DESIGN  
Methodology  
The research approach applies observation and survey techniques to investigate 
the extent to which people are engaged in creative processes while playing games. 
The observation of creative activity utilises verbal protocol analysis and behavioural 
coding, recording and coding behaviours and verbalisations that occur naturally 
during game play sessions. In addition to understanding when players are engaged in 
creative thinking the study undertaken also provided the opportunity to assess player 
experience. This assessment allows us to examine the relationship between 
engagement in creative activity and a player‘s experience with the game more 
generally. The Player Experience of Need Satisfaction (PENS) survey is used for this 
purpose. The PENS measures the individual player experience by assessing the 
interface between the player and the action taking place within the game 
environment and how the action and reaction between player and game satisfies 
specific psychological needs (Rigby and Ryan, 2011, Ryan et al., 2006).  
STUDY 1 APPOARCH 
This study is designed to measure the creative processes that occur during 
game play. The conceptual method that was employed to assess creativity is 
illustrated in Figure 3. Study 1 examines the extent to which factors that have been 
identified as playing an important role in creative processes – task motivation, 
domain-relevant skills and creativity-relevant skills – are present within the game 
play experience (RQ2). Measurement of creative potential involves examining the 
relationship between tasks, from both a domain skill and creative skill perspective, 
and the effect of intrinsic motivation. It has been used previously to measure 
creativity in structure building activities, collage making and poem writing. The 
research yielded a specification of particular task behaviours that strongly predict 
creativity. In addition, analysis of the verbal protocol yielded process measures that 
were strongly related to creativity (Ruscio et al., 1998). Given the effectiveness of 
this approach to measuring creative behaviour across diverse contexts, it was 
assessed as being appropriate for examining videogame play. Given the similarities 
between this approach and existing video interaction analysis methods (Jordan and 
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Henderson, 1995) used in human computer interaction studies more general, it has 
been employed in this research project.   
 
 
 
 
 
Figure 3: Components of creative performance example 
To understand the impact that creative activity has on the player experience 
measures of player experience are also used in the study. Given the established 
relationship between intrinsic motivation and creativity (Ruscio et al., 1998), a 
questionnaire designed to measure levels of motivation in terms of player experience 
will be delivered to participants following game play sessions. 
Ryan, Rigby and Przybylski (Przybylski et al., 2010, Ryan et al., 2006) have 
applied an established psychological theory – Self-Determination Theory (SDT) – to 
analysis of the videogame play experience. In this research project measurement of 
player experience is based on this theory. SDT is primarily concerned with the 
potential of social contexts to provide experiences that satisfy universal needs in 
people. These needs are competence (sense of efficacy), autonomy (volition and 
personal agency) and relatedness (social connectedness). SDT has been successfully 
applied in research on sports, education and leisure domains. In applying SDT to 
videogame player motivations, Przybylski et al. (Przybylski et al., 2012b) examine 
how videogames fulfil or thwart psychological needs and thus promote or discourage 
sustained engagement and either positive or negative outcomes for players 
(Przybylski et al., 2010).  
Based on relevant theories (e.g., presence), Przybylski and colleagues 
developed the Player Experience of Need Satisfaction (PENS) measure, which 
assesses the play experience in terms of competence, autonomy, relatedness, intuitive 
controls and presence/immersion (Ryan et al., 2006). The PENS survey is designed 
to explain the game play factors that lead to enjoyable and meaningful player 
experiences (Ryan et al., 2006). Study 1 uses the Player Experience of Need 
Satisfaction (PENS) survey (Ryan et al., 2006) to measure player experience.  
Components of creative performance in games  
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Study 1 Measures 
Creativity activity that occurs during game play is measured through behaviour 
assessment and verbal protocol analyses. The basis for assessment the three 
components of creativity are outlined in previous chapters. A full list of items in the 
Potential for Creative Player Experience assessment checklist can be found in 
Appendix C.  
Player experience is measured through the Player Experience of Need 
Satisfaction (PENS) survey. The PENS survey is designed to explain the game play 
factors that lead to enjoyable and meaningful player experiences (Rigby and Ryan, 
2011). The PENS is a self-report measure of an individual‘s game play experiences 
consisting of 21 items. Post-play assessment includes PENS variables containing 
subscales for in-game competence, autonomy, presence and the intuitiveness of 
controls. The questionnaire employs a uniform 7-point Likert scale, with anchors 
appropriate to each question. Specific subscales are described below:   
 PENS: In game Competence. This scale measures participants‘ perception that 
the game provides a competency 
 PENS: In game Autonomy. This scale assesses the degree to which 
participants felt free, and perceived opportunities to do activities that interest 
them 
 PENS: In game Presence. This scale measures the sense of immersion in the 
gaming environment. Three items considered are: physical presence, emotional 
presence and narrative presence  
 PENS: In game Intuitive Control (IC). This scale assesses the degree to which 
participants control their character‘s actions in the game environment 
PENS: In game relatedness. This scale assesses the desire to connect with others in 
a way that feels authentic and supportive. 
PARTICIPANTS   
Study 1 participants were a wide range of people who are 18 years and over 
who play computer games. No other selection criteria were applied to participant 
selection. A snowball procedure was used to gather the sample of study participants. 
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The study was advertised email and through via university courses. The research 
protocol received Ethical and Health and Safety approval from the Queensland 
University of Technology (see Appendix B). 
STUDY PROCEDURES  
Participation in the study involved participants being observed while playing 
the three selected games: Portal 2, Braid and I-Fluid. The order in which players 
were presented with the games was varied to avoid order effects. Participants played 
for approximately 45 minutes in total. They played each game for 15 minutes. After 
each 15 minute game play experience the participant completed a PENS survey. To 
examine the creative process, participants were video recorded while playing the 
games. Two researchers gathered data through behavioural and verbal coding 
techniques. A video coding scheme was used to capture the type and frequency of 
observable behaviours and participant verbalizations. Video coding was completed 
for each of the participants. Two rankers coded pilot videos to ensure ranking 
reliability. Examples of verbalisations recorded can be found in Appendix B in the 
Item Checklist and Example Verbalisations table (page 184). While there is debate 
about whether Likert type scales shield be treated as ordinal or interval data 
(Jamieson, 2004, Norman, 2010), it is common to treat such scales as providing 
interval data in many fields (Rose et al., 2014, Laerd, 2014). We have followed this 
practice in the analyses reported throughout this thesis.  
COMPUTER GAME STIMULUS 
Given the wide range of games available and the diversity of the game play 
interaction space, in conjunction with the original and exploratory nature of the 
research, it was important to narrow the focus of the research studies. The decision 
was made to focus on one genre of computer game and conduct studies that 
examined player experience and game design characteristics within this specific play 
space. Puzzle games were chosen as the focus stimuli for the studies undertaken 
throughout this thesis. This game genre was chosen as these games have a problem 
solving focus and emphasise logical and strategic thinking. Games chosen for this 
research are I-Fluid, Braid and Portal 2. While each game has different characteristic, 
each of these games has been relatively well received with Braid receiving a 
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Metacritic (Metacritic) score of 90 (out of 100), Portal 2 receiving a score of 95, and 
I-Fluid receiving a score of 69.    
I-Fluid is a PC platform and puzzle video game developed by Exkee (Exkee, 
2008). The player plays as a drop of water that moves throughout a three 
dimensional world Figure 4. The player has to navigate through the world where 
different objects need to be traversed. Many puzzles are physics based with the 
player having to work out how they will move the water droplet along ramps and 
around blockages. A range of surfaces (e.g., sponges) within the world will absorb 
the droplet, so these surfaces need to be avoided. The player also needs to regenerate 
this droplet through absorbing moisture along the way. Fruits, vegetables and other 
moisture provided surfaces can be used for this purpose. I-Fluid is a unique physics-
based game in which the player is challenged to control and maintain a droplet of 
water in order to reach the end point in each level. 
 
Figure 4: I-Fluid Game (http://www.i-fluid.com/) 
Braid is a platform and puzzle video game developed by Number None, Inc 
(Number, 2008). The basic story elements unfold as the protagonist, Tim, attempts to 
rescue a princess from a monster. The game features traditional aspects of the 
platform genre while integrating various powers of time-manipulation by finding and 
assembling jigsaw puzzle pieces. Braid is played by solving physical puzzles in a 
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standard platform game environment. The player controls the protagonist Tim as he 
runs, jumps, and climbs across the game's levels. Tim (Figure 5) jumps and stomps 
on enemies to defeat them, and can collect keys to unlock doors or operate levers to 
trigger platforms. The players can unlimited ability to reverse time and "rewind" 
actions, even after dying. The game is divided into six worlds, which are experienced 
sequentially and can be entered from different rooms. The player can return to any 
world previously visited to attempt to solve puzzles they missed. 
 
Figure 5:  Braid Game (http://braid-game.com) 
Portal 2 is a hilariously mind-bending adventure that is a first-person puzzle-
platform video game developed and published by Valve Corporation in 2007. The 
game retains Portal's game play elements, including tractor beams, laser redirection, 
bridges made of light, and paint-like 'gels' accelerating the player's speed. 
(Valvesoftware, 2007). Portal 2 is a first-person perspective puzzle game. Players 
take the role of Chell in the single-player campaign, as one of two robots—Atlas and 
P-Body. These three characters can explore and interact with the environment. 
Characters can use these portals to move between rooms or to "fling" objects or 
themselves across a distance (Figure 6).  
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Figure 6:  Portal 2 Game (http://www.thinkwithportals.com/). 
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PREAMBLE 
The paper focuses on determining the reliability of the factors used for 
measurement of creative activity within game play, with the view that further 
refinements would be utilised in later thesis studies. Through the data collected 
during study participant game play sessions, the factors most strongly related to 
creativity were determined. The study is focussed on measurement of creative 
processes through an examination of three aspects: task motivation, domain-relevant 
and creativity-relevant skills. The results from the finding will be used to further 
examine to what extent players engage in creative thinking processes during 
computer game play (RQ2).  
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ABSTRACT.  
This paper describes a method for measuring the creative potential of computer 
games. The research approach applies a behavioral and verbal protocol to analyze the 
factors that influence the creative processes used by people as they play computer 
games from the puzzle genre. Creative potential is measured by examining task 
motivation and domain-relevant and creativity-relevant skills. This paper focuses on 
the reliability of the factors used for measurement, determining those factors that are 
more strongly related to creativity. The findings show that creative potential may be 
determined by examining the relationship between skills required and the effect of 
intrinsic motivation within game play activities.  
KEYWORDS:  
Creative potential, Computer game, Creative measurement, Task motivation, 
Domain-relevant skill, Creativity-relevant skill, Behavioral assessment 
INTRODUCTION  
Creative thinking processes are vital in helping people solve problems (Ruscio 
et al., 1998). Digital simulations and games may play a significant role in facilitating 
exploration and creative problem solving. Although there are educational computer 
games that have been designed to support cognitive and creative activity (Amory and 
Seagram, 2003), there is limited to date research on how to measure the potential of a 
computer game to facilitate creative processes.  
Assessing creative potential requires a focus on how and why an individual 
responds to activities (Kaufman et al., 2011). However, no studies have been 
conducted to determine the specific interactions that occur during game play that 
support creative processes. Previous research studies have not applied coherent 
theories of creativity assessment to the domain of computer games. To understand 
the creative potential of games, criteria related to creativity activity must be clearly 
stated and readily translated into assessment (Amabile, 1983).  
A primary goal of this study is the development of a method for measuring the 
creative potential of computer games. Previous research has examined computer 
game play in relation to personal creative traits (Catala et al., 2012). Our research is 
particularly interested in creative process, rather than the creative attributes of a 
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person (i.e. (Torrance, 1965)) or creative product. The study forms part of a program 
of research designed to better understand the creative processes that people engage in 
while playing computer games. The measurement method described in this paper has 
been adapted from an existing theory of creative assessment (Ruscio et al., 1998) and 
its reliability for creative assessment within the computer game context is 
investigated. The method developed focuses on the componential framework of 
creativity that includes three major components: domain-relevant skills, creativity-
relevant skills and task motivation (Amabile, 1983). To examine the creative process 
potential of computer games using this comprehensive assessment technique, we 
have adapted the existing behavior and verbal protocol developed by Ruscio et al. 
(Ruscio et al., 1998), which has been used previously for assessing a range of 
creative activities. The measurement method is designed to explore the relationship 
between task motivation, domain relevant skills and creativity relevant skills within a 
particular activity.  
CREATIVE POTENTIAL OF COMPUTER GAMES 
Creativity involves problem discovery, goal identification and engagement in 
heuristic activity (Campbell, 1960) ; (Getzels and Csikszentmihalyi, 1976). Creative 
problem solving is constructed using a certain set of goals, paths, and available 
conditions (Wertheimer and Wertheimer, 1959). It involves sensitivity to problems 
and a sense of curiosity, as individuals find problems, manage discrepancies and 
discover answers to things they do not understand (Guilford, 1950). The process of 
becoming sensitive to problems and identifying deficiencies, missing elements and 
gaps in knowledge has been recognized as core to creative process (Turcsányi-Szabó 
et al., 2006). It involves thinkers grasping the essential features of the problem and 
understanding how these features relate to the final solution (Wertheimer, 1945).  
Divergent and convergent thinking are core elements of the creative process. 
Divergent thinking is important for idea generation (Amabile, 1996), and necessary 
to produce many alternative solutions to the problem (Gordon, 1961). Creative ideas 
result from the novel combination of two or more ideas that have been freed from 
their normal links (Spearman, 1930). Convergent thinking as a creative process 
occurs in the idea validation stage (Amabile, 1996). It allows an individual to select 
the correct way to approach the task at hand (Sviderskaya, 2011), with the ability to 
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select a single response from a series of alternatives (Clark et al., 1965). Based on the 
review of the literature, creative potential for this study is defined in terms of: 
 Sensitivity to problems; 
 The process of finding appropriate solutions through the exploration of multiple 
paths; 
 Motivations of curiosity, discrepancies and gaps in knowledge to drive the 
creative problem solving process; and 
 The process of evaluating solutions and settling on the most appropriate for the 
given problem space. 
   Computer games have contributed to the practice of enhancing problem-
based learning processes. The experiences that occur in computer games may 
enhance creative processes (Yee Leng et al., 2010). Games support the development 
of critical thinking through visualization, experimentation and creativity (Amory, 
2007). Game elements may provide a problem solving experience as players break 
down tasks, engage meta-cognitive skills and think critically (Wang, 2008b). Games 
offer an opportunity to explore new ideas and actions through the diverse game play 
opportunities generated by communities of players. Game experiences that are active 
and provide intrinsic motivation have great potential to support creative processes 
(Paras and Bizzocchi, 2005).  
The componential model of creativity describes the ways in which we enter 
into stages of the creative activity. The componential framework of creativity has 
problem solving at its core and includes three major components: domain-relevant 
skills, creativity-relevant skills and task motivation (Amabile, 1983). As people solve 
problems they generate response possibilities from an array of available pathways 
and explore the environment to determine the best solution. Domain knowledge 
plays an important part in generation of an acceptable solution. Engaging in playful 
activities or fantasy can have a positive effect that influences the active engagement 
of creativity-relevant processes (Amabile, 1996). Creative-relevant skills influence 
the quality of the ideas produced and task motivation influences the quantity of ideas 
(Amabile, 1983, Amabile, 1989, Amabile, 1996). The three components are crucial 
characteristics of a creative process. We propose that the creative potential of 
computer games may be measured using these three major components. 
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ASSESSING CREATIVE POTENTIAL OF COMPUTER GAMES 
Designing an assessment lens for creative processes requires analysis and 
interpretation of exiting measures. Behavioral assessment allows for analysis of 
creativity from a divergent thinking and convergent thinking perspective. The 
measurement can be used in the identification and development of creative potential 
(Schaefer, 1969). The method we consider focuses on behavioral observation and 
verbal protocol analysis during creative activity (Kaufman et al., 2011, Ruscio et al., 
1998). Measurement of creative potential involves examining the relationship 
between tasks, from both a domain skill and creative skill perspective, and the effect 
of intrinsic motivation (Ruscio et al., 1998). It has been used previously to measure 
creativity in structure building activities, collage making and poem writing. The 
research yielded a specification of particular task behaviors that strongly predict 
creativity. In addition, analysis of the verbal protocol yielded process measures that 
were strongly related to creativity (Ruscio et al., 1998).  
Task Motivation 
Task motivation accounts for motivation variables that encourage an 
individual‘s approach to a given task. This component is responsible for initiating 
and sustaining the creative process (Amabile, 1983). Research has demonstrated 
creativity is most likely to appear when a person is intrinsically motivated (Amabile, 
1996). Task motivation includes two elements: traits that determine an individual‘s 
baseline attitude toward the task, and the individual‘s perceptions of a task and/or 
reasons for undertaking it in a given instance. Task motivation is specific to a 
particular task, influenced by baseline attitude toward the task and a person‘s own 
interest (Brown, 1989b). It is an important component of creative thinking, especially 
during the problem presentation stage and during response generation of the process. 
Task motivation may determine the difference between what an individual can do 
and what he/she will do (Amabile, 1996). It is assessed through an examination of 
social-environmental influences; that is the intrinsic and extrinsic factors that support 
autonomy, competence, control, and task involvement (Amabile, 1996). In a 
computer game context, intrinsic needs such as competence, autonomy, and 
relatedness are the core motivational dynamics that operate across the interactivity 
between the game and the player (Rigby and Ryan, 2011).  
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The model proposed by Ruscio et al. (Ruscio et al., 1998) identifies task 
motivation as a measure of involvement in tasks. Behaviors such as set breaking, 
task pace, exploration, enjoyment, and concentration are identified as the ways in 
which intrinsic motivation manifests itself within the creative process. We have 
taken these behaviors (Ruscio et al., 1998)and modified them for gaming 
environments in order to assess task motivation within computer games. The creative 
game potential measures, in terms of task motivation, are: 
 Involvement (A1): Work on solving the problem 
─ Item 1: Participant works on solving problems within the game (L
1
).  
 Stability (A2): Refining the integrity or stability of a problem solution within the game 
─ Item 4: Participant can work on refining the integrity or stability of a problem solution within the game (L).  
 Set breaking (A3): Manipulates materials; uses or attaches them in new ways 
─ Item 5: In-game objects and materials are able to be readily manipulated (L).  
─ Item 6: In-game objects and materials can be used in different ways (L).  
 Pace (A4): Speed at which participant works on tasks/challenges; a slow to fast gradient of 
working rate 
─ Item 7: The speed at which participant is required to interact within the game progresses from a slow to fast gradient 
of working rate (L).  
 Planning (A5): Organizes material; establishes an idea, order to build in, steps to take 
─ Item 8: Planning is an important part of game play (L).  
─ Item 9: Participant can organize materials within the game (L).  
─ Item 10: Participant is able to establish ideas within the game (L).  
─ Item 11: Participant can plan the order of actions and steps to take within the game (L).  
 Playfulness (A6): Engaging in tasks in curious manner; trying out ideas in a carefree way 
─ Item 12: Participant can engage in game tasks in a curious manner (L).  
─ Item 13: The game provides opportunities to try out ideas in a carefree way (L).  
 Exploration (A7): Curious, or playful testing out of ideas 
─ Item 14: Curiosity during game exploration is encouraged (L).  
─ Item 15: The game encourages playful testing out of ideas (L).  
 Enjoyment (A8): Having a good time, finding pleasure in the task / challenge 
─ Item 16: The game allows players to have a good time (L).  
─ Item 17: Game play tasks are pleasurable (L).  
 Concentration (A9): Focused on the task; not distracted 
─ Item 2: There is minimal distraction from solving problems in the game (L).  
─ Item 3: Participant becomes focused on the tasks in the game (L).  
Domain-Relevant Skills  
Domain-relevant skills form the basis from which any performance must 
proceed. This component incorporates factual knowledge, technical skills and special 
talents in a particular domain. The information, skills and talents that an individual 
brings to a task influence the creative preparation process. Domain-relevant skills 
define the set of possible responses available to a person (Amabile, 1996). Any 
problem domain consists of a unique set of rules and practices (Wang, 2008b)and 
                                                 
 
1
 Within notation in the factors, (L) refers to Likert scale measures, (F) refers to frequency measures 
and (-) refers to reverse coded items 
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this knowledge allows people to identify various strategies for conducting 
information analysis. Domain-relevant skills provide the material drawn on during 
operations that determine problem-solving pathways. They also provide the criteria 
that will be used to assess the response possibilities (Amabile, 1983), which are then 
synthesized to form a judgment (Ruscio et al., 1998). Knowledge of a particular 
domain influences the evaluation process (Brown, 1989b). The process includes 
familiarity with and factual knowledge of the domain in question: facts, principles, 
and opinions within the problem-solving domain (Ruscio et al., 1998).    
Domain-relevant skills determine the initial set of pathways to search for a 
solution and the ability to verify an acceptable solution (Amabile, 1983). Domain-
relevant skills are driven by task motivation and task motivation, in turn, is increased 
by a positive environment and earlier success in tasks (Amabile, 1983). From a 
gaming perspective, domain-relevant skills can be evaluated through examining how 
well the player understands the game domain. Understanding of the game‘s goals 
and sub-goals at a particular point and the actions available to achieve these goals is 
important domain knowledge. Domain-relevant skills can be assessed through 
examination of factual knowledge of the domain in question and the technical skills 
demonstrated. 
 The measures identified by Ruscio et al. (Ruscio et al., 1998)as predictors of 
creativity are assuredness, difficulty (-) and exhibited uncertainty (-). These process 
factors have been adapted to formulate creative game potential measures in terms of 
domain-relevant skills in the context of computer game play. They include: 
 Exhibited uncertainty (-) (B1): Self-initiated backtracks by using intentionally moves to previous 
locations or revisits a particular game task / challenge. 
─ Item 25: Participant reverses or undoes steps/actions performed in the game (F).  
 Assuredness (B2): Confidence: certainty of ability to complete task; assuredness in going about 
the task; not doubtful, timid, or anxious. Pace and the speed at which particular task /challenge 
are addressed; a slow to fast gradient of playing rate. Difficulty solving problems encountered, 
trouble interacting with game elements.  
─ Item 18: The game allows participant to feel assured in going about required tasks (L).  
─ Item 19: Participant feels certain about his/her ability to complete tasks in the game (L).   
─ Item 20: There is no doubt about what participant is required to do during the game (L).  
─ Item 21: Participant doesn‘t feel anxious or timid playing the game (L).  
─ Item 22: Participant encounters problems playing the game (L).  
─ Item 23: It was difficult to complete tasks in the game (L).  
─ Item 24: It was difficult to work with the objects/resources in the game (L).  
 Difficulty (-) (B3): Problem with self: uncertainty, self-doubt, negative statements about ability 
or mood. Negative exclamations by using usually one word, can be two or three; curses or 
otherwise sharply negative statements. 
─ Item 26: Participant feels uncertain completing tasks in the game (F). 
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─ Item 27: Participant has feelings of self-doubt while playing the game (F). 
─ Item 28: Participant produces negative statements about his/her ability as participants play the game (F).  
─ Item 29: Participant produces negative exclamations (e.g. curses) while playing the game (F).  
Creativity-Relevant Skills  
Creativity-relevant skills include cognitive style as well as the application of 
heuristics for the exploration of new concepts (Amabile, 1983). These factors 
influence the response generation process. Heuristic thinking is a skill that relies on a 
person‘s intellectual and emotional comfort with a situation. Differences in cognitive 
style result in different behaviors individuals apply when they gather and evaluate 
information (Gutierrez and Greenberg, 1993b). Creativity-relevant skills act as an 
executive controller that influences the way in which the search for responses 
proceeds (Amabile, 1983). Creativity-relevant skills include the ability to concentrate 
for the long periods of time (Brown, 1989b). The relevant characteristics that are 
commonly reported as correlates of creative people include self-discipline, an ability 
to delay gratification, perseverance, and absence of conformity (Brown, 1989b). 
Problem solvers automatically activate areas of knowledge that are associated with 
the past problem solving experience and relevant knowledge (Santanen et al., 
2002b). This component of creative thinking includes the ability to break away for 
standard thinking, approaches and solutions during problem solving. Individuals can 
gain experience from idea generation that may inform their own strategies for 
creative thinking processes (Amabile, 1996). Creativity-relevant skills influence the 
quality of the ideas produced (Amabile, 1983). 
Creativity-relevant skills are measured through the specific process factors of 
concrete focus (-), concept identification, wide focus and striving (Ruscio et al., 
1998). These have been adapted for the game play context. The creative game 
potential measures, in terms of creativity-relevant skills, are: 
 Wide focus (C1): Goal statements: Something that cannot be done in one step, future oriented; 
restatement of problem given, self-imposed goal, statement dealing with a desired final goal, etc. 
Irrelevant to task: Anything not related to performing the task / challenge. 
─ Item 33: The current problem that needs to be solved in the game requires more than one step (F).  
─ Item 34: The current problem in the game is future oriented (F). 
─ Item 35: Participant restates the problem presented by the game (F).  
─ Item 36: Participant is able to develop his/her own goals within the game (F).  
─ Item 37: Participant is performing actions not related to game tasks/goals (F).  
 Striving (C2): Difficulty: encountering problems or obstacles to completing some or all of the 
tasks/challenges. Transitions: Movement to new area of action; includes place holding utterance. 
Question how: Questioning how or what to do; what is currently being done. Repeat something: 
Repeats instructions, words or concepts presented in the game: Exclamations: based on positive 
or negative outcomes.  
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─ Item 30: Participant encountered problems while completing tasks in the game (L).  
─ Item 31: Participant encountered obstacles while completing tasks in the game (L).  
─ Item 32: Participant questions what to do at particular stages in the game (L).  
─ Item 38: Participant transitions to a new topic area or action in the game (F).  
─ Item 39: Participant questioned how to complete tasks in the game (F).  
─ Item 40: Participant questions his/her current actions in the game (F).  
─ Item 41: Participant repeats instructions, words or concepts presented in the game (F).  
─ Item 42: Participant makes exclamations, as a positive or negative outburst (F).  
 Concrete focus (-) (C3): Talks about task: statements of like or dislike about the task. Describes 
game elements: statement about texture, color, or other attributes of elements, naming game 
elements.  
─ Item 43: Participant makes statements of like or dislike about game tasks (F).  
─ Item 44: Participant talks about the qualities of the materials, objects or attributes of the game world (F).  
 Concept identification (C4): Analogies: Description or statement containing an analogy or 
metaphor. Aha: Eureka-type statements; abrupt change in activity. Transitions: movement to 
new action; includes place holding utterances.  
─ Item 45: Participant describes action/tasks/goals in terms of analogies or metaphors (F).  
─ Item 46: Participant had eureka-type moments in the game (F).  
─ Item 47: Participant has an abrupt change in activity designed to help complete a task (F).  
RESEARCH DESIGN 
This study assesses a method for measuring creativity. The methodological 
contribution of the study is the demonstration that creative behaviors and processes 
that occur during game play can be examined using behavioral observation 
techniques and verbal protocol analysis. Behavioral observation techniques and 
verbal protocol analysis may be applied to identify and quantify predictors of 
creativity (Ruscio et al., 1998).  
The data gathered analyzes the relationship between the components of 
creativity, through the creative game potential. Game task behaviors and 
verbalizations were coded to obtain empirical indices of the assessed factors: task 
motivation, domain-relevant skills and creativity-relevant skills. The observations 
constitute evidence of game activities that have a positive impact on creative 
potential. 
Participants 
Seven participants (1 female) participated in the study. They had an average 
age of 22, and ages ranged from 18 to 34. Six of the participants were native English 
speakers. Seventy-one percent indicated that they played games daily, and 28.6% 
showed that they played games several times a week. 
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Procedure 
Participation in the study involved being observed while playing three selected 
games: Portal 2, Braid and I-Fluid. Participants played approximately 45 minutes in 
total and completed a brief questionnaire on completion of each game. They played 
each game for 15 minutes. To examine the creative process, participants were video 
recorded while playing the games and a subset of players were asked to think aloud 
as they participated. Two researchers gathered data through behavioral and verbal 
coding techniques. Behavioral coding involves watching video and coding of the 
behaviors that occurred during game task performance. A video coding scheme was 
used to capture the type and frequency of observable behaviors and participant 
verbalizations. Video coding was completed for each of the participants, for each of 
the games, resulting in 21 data sets. 
Coders practiced rating on pilot video records captured before the study was 
conducted. The researchers individually observed the game play of two people 
playing the three games used for the study. This resulted in 6 data sets that were 
examined using the Coefficient of Variation that compares variability. A data set 
which was collected consistently had a Coefficient of Variance of less than 20%. 
Three items were refined to yield improvements in coding reliability.   
Materials 
Game related behavior was used to assess participants‘ level of creativity 
during various game activities on a seven-point Likert scale ranging from 1 (low) to 
7 (high), and through the use of a frequency tally. Seventeen items related to task 
motivation (e.g., ―Participant works on solving problems within the game.‖). The 
items were grouped within nine variables: Involvement (A1), Stability (A2), Set 
breaking (A3), Pace (A4), Planning (A5), Playfulness (A6), Exploration (A7), 
Enjoyment (A8), and Concentration (A9). All task motivation items are assessed 
using 7-point Likert scales.   
Twelve items were included to analyze domain-relevant skill factors (e.g., 
―Participant feels certain about his/her ability to complete tasks in the game‖). The 
items were grouped into 3 variables: Exhibited uncertainty (B1), Assuredness (B2), 
and Difficult (B3). Seven items are assessed using a 7-point Likert scales and data 
for five items is captured as frequency counts. 
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Eighteen items were designed to measure creativity-relevant skills (e.g., 
―Participant is able to develop his/her own goals within the game‖). The items were 
grouped into four variables: Wide focus (C1), Striving (C2), Concrete focus (C3), 
and Concept identification (C4). Only three items are assessed using a 7-point Likert 
scales. Fifteen items are assessed using frequency counts. 
In order to make all items comparable to the other items, nine negative items 
(22, 23, 24, 25, 26, 27, 28, 29, and 44) are reverse-scored. To make each variable 
contribute equally to the mean, values of frequency items are standardized (Myers et 
al., 2010). 
RESULTS 
The analyses involved three measures: (A) task motivation factors, (B) 
domain-relevant skill factors and (C) creativity-relevant skill factors. The internal 
reliability of all creative game potential measures was acceptable (α = .78). 
Differences across the three components being measured were examined using 
Cronbach‘s Alpha to determine internal reliability within each (Everitt and Skrondal, 
2002).   
Task Motivation Factors 
Cronbach‘s alpha for task motivation measures is .88, suggesting that A1 to A9 
(17 items for task motivation) have relatively high internal consistency. Results 
indicate that removal of A9, item 3 would lead to a small improvement in 
Cronbach‘s alpha (α = .89). Correlation for item 3 was low (α = .057) and as a result 
the concentration factor included in item 3 (A9) should be reconsidered and 
potentially removed as a task motivation measure. 
Domain-Relevant Skill Factors 
The data shows an alpha coefficient of .79 for domain-relevant skill measures, 
suggesting that the 12 items have relatively high internal consistency. Item 22 (B2) 
and 25 (B1) have item-total correlation values of less than .2 (Everitt and Skrondal, 
2002)(α = -.59 and α = -.02 respectively). Analysis indicates that removal of these 
items leads to an improvement in Cronbach‘s alpha (α = .89) and a highly reliable 
10-item measure of domain relevant skills.  
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Creativity-Relevant Skill Factors 
The data for creativity relevant skill factors produces an alpha coefficient of 
.75, suggesting that 18 items have relatively high internal consistency. The item-total 
correlation values for items 30, 33, 34, 36, 41, 44 are low (α < .2) (Everitt and 
Skrondal, 2002). Items 33, 34 and 36 are wide focus items (C1), 30 and 41 are 
striving items (C2) and item 44 relates to concrete focus (C3). The removal of these 
items leads to an improvement in Cronbach‘s alpha to .81. This results in a highly 
reliable 12-item measurement of creativity-relevant skills. 
DISCUSSION 
This paper examines a method for measurement the creative potential of 
puzzle-based computer games. Analysis of our adapted measurement items 
demonstrates that internal reliability within each component is satisfactory. Low 
item-total correlations for some items indicated areas for improvement.  
The observation analysis used in this study identified good reliability for the 17 
task motivation factors. However, item 3 is flagged as having low item-total 
correlation. This item is one of two concentration items (A9) designed to examine 
the level of a player‘s focus in the game. In the study, the item is phrased as 
―Participant becomes focused on the tasks in the game‖. This item has strong face 
validity as reflection player concentration within the game. Given the high initial 
alpha value and the minor improvement that results from removing item 3 (.88 to 
.89), we decided to keep this item. It is anticipated that improvement may be 
achieved with a slight rewording of the item to ―Participant is focused on tasks in the 
game‖ to capture the present state of the player activity rather than an emerging 
behavior. The seventeen factors within categories A1 to A9 that we have identified 
as reliable measures in terms of task motivation are included in Figure 7. 
The study data analysis resulted in acceptable reliability for the 12 domain 
relevant skill factors. The sole exhibited uncertainty (C1) factor had low item-total 
correlation. This item, ―participant reverses or undoes steps/actions performed in the 
game‖, was designed to reflect uncertainty in participant behavior, yet it does so 
through an activity or path that is unavailable in many game experiences. Many of 
the rule structures and challenges embedded in games emerge through players not 
being able to change decisions or reverse actions or steps. Given this consideration, it 
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is logical to remove this item. Other items relating to difficulty (B3) capture the 
concept of uncertainty in a way that is more appropriate in a gaming context (e.g. 
player feels uncertain completing tasks in the game). Analysis indicated that alpha 
value improvement would result from the removal of an assuredness (B2) item. This 
item, ―participant encounters problems as he/she plays the game‖, is phrased in the 
reverse and is designed to demonstrate player assuredness. Once again, this item 
suffers in its translation to a gaming context. All games are designed around the idea 
of encountering problems and are underpinned by this notion of challenge. The 
notion of assuredness is better captured in the more specific items related to ability 
and issues with completing tasks (e.g. it was difficult to complete tasks in the game 
(-). Removal of these two items results in good reliability for measuring domain 
skills. The 10 factors within categories B2 and B3 that have been identified as 
reliable measures in terms of domain-relevant skill are included in Figure 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: A model of process factors for creative potential measurement within 
computer games (based on (Ruscio et al., 1998)). 
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Analysis of study data revealed acceptable reliability for the 18 creativity skill 
factors used in the study. However, low item-total correlation was identified across 
six items. Three of these items related to wide focus (C1: item 33, item 34, and item 
36). 
This result may be interpreted as being related to the context of game play 
generally and the puzzle game genre more specifically. Games create environments 
where each atomic challenge is stand-alone and is addressed that way by a player. 
While one problem may link to another they tend not to be interdependent. Puzzle 
games focus on logical and conceptual challenges and they are not generally the type 
of experiences where players develop their own goals. One other item that was 
removed to improve internal validity related to striving (C2) in terms of difficulty 
and problems encountered. The need to remove this item may arise from issues 
surrounding the notion of encountering problems discussed earlier. It may also be 
attributable to the items approaching the concept of striving from a difficulty point of 
view. Striving factors that were focused on the positive, for example achievement 
and questioning, had the strongest item-total correlations.  
The final two items remove related to verbalization. From a concrete focus 
(C3) perspective, the item looked at verbalization around qualities of materials and 
objects in the game. This is an item that required a reversal of coded values, as 
creative processes are shown to be potentially restricted when people think about the 
concrete aspects of the materials they engage with [23]. We speculate that the very 
concrete nature of a game world, filled with interesting and perhaps unfamiliar items 
and objects, leads to player verbalization. The other verbalization related to striving 
(C2) in terms of repeating instructions, words or concepts presented in the game. 
Within games, and puzzle games specifically, instructions are kept to a minimum and 
concepts encountered are centered on visual synthesis and interpretation. This might 
explain the improvement that would result with the removal of this item. The 12 
factors within categories C1-C4 that have been identified as reliable measures in 
terms of creativity-relevant skill are included in Figure 7. 
The conceptual method that was employed to assess creativity is illustrated in 
Fig 9. The internal reliability of the 39 items remaining as measures of creative game 
potential is acceptable (α = .791). In addition, the quality of the data and the resulting 
interpretations demonstrates their potential effectiveness in assessing each of the 
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components of creativity. The creative potential prediction involves the relationship 
between task creativity within a knowledge domain and the effect of intrinsic 
motivation on the process. We have measured this creativity within a computer game 
context through behavior assessment and verbal protocol techniques. Data collected 
has resulted in a reliable measure of the creative potential of puzzle games that 
includes 12 items within the creativity-relevant skills factor, 10 items within the 
domain-relevant skills factor and 17 items within the task motivation factor.   
CONCLUSIONS AND FUTURE RESEARCH 
The research presented in this paper demonstrates that existing measures and 
techniques can be successfully adapted for use in assessing the creative processes 
that occur within game play experiences. It has identified the key specific 
components of computer game experiences that may be measured to assess a game‘s 
potential for supporting creative activity. Creativity can be measured by examining 
domain-relevant and creativity-relevant skills as well as task motivation during game 
play. In future, this understanding of the ways in which games facilitate creative 
thinking will be used to create a framework for designing new gaming experiences. 
The framework will identify crucial characteristics of the creative process that 
emerge throughout the process of playing games and map elements of computer 
games to components of the creative process.  
While present research has focused on the puzzle game genre and our current 
results cannot be extrapolated beyond this genre, future work will explore creativity 
in the game play process more generally. The knowledge generated through this 
research   will assist in adding a new and helpful educational dimension to either 
educational or traditional commercial games. The design framework produced will 
guide game designers in the creation of games to facilitate people‘s creative thinking 
skills. 
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PREAMBLE 
Paper 2 builds on the research described in Paper 2, using the refined measure of 
creative processes within games to further examine the quality for creative activity 
that occurs during game play (RQ2). Using behaviour and verbal analysis to the 
creative potential of three puzzle-based games is examined. Analysis was undertaken 
to determine how levels of participant engagement in task motivation, domain-
relevant skills and creativity relevant skills differed across games. This paper 
examines specific elements of the components of creative behaviour – for example 
involvement as an aspect of task motivation, task assuredness as an aspect of domain 
relevant skill, and the opportunity for a player to develop his or her goals as an 
aspect of creativity relevant skills – across the three games. This analysis provides an 
insight into how different aspects of game play within each of these three games may 
influence the extent to which players engage in creative problem solving. The 
findings demonstrate how the design of game play impacts on creative potential of 
computer games. 
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ABSTRACT 
This paper describes a behaviour analysis designed to measure the creative 
potential of computer game activities. The research approach applies a behavioural 
and verbal protocol to analyze the factors that influence the creative processes used 
by people as they play computer games from the puzzle genre. Creative components 
are measured by examining task motivation as well as domain-relevant and 
creativity-relevant skills factors. This paper focuses on how three puzzle games 
embody activity that might facilitate creative processes. The findings show that game 
playing activities significantly impact upon creative potential of computer games. 
INDEX TERMS 
Creative process, computer games, task motivation, domain-relevant skill, 
creativity-relevant skill, puzzle games, behavioural analysis 
INTRODUCTION 
The interactive experiences that occur within a videogame environment 
provide opportunities for people to express their creativity and intentions (Sweetser 
and Johnson, 2004). Authentic and engaging gaming activities that incorporate 
creative content and processes have value in a wide range of educational contexts. 
While game-based research is a growing field of study, only in recent years has 
research seriously examined the learning potential of commercial games primarily 
designed for entertainment purposes. Emerging research in this area has examined 
the impact of commercial games on well-being (Takatalo et al., 2010), mood 
(Russoniello et al., 2009) and cognitive reasoning (Spence and Feng, 2010). 
Our research examines the creative potential of computer games and seeks to 
understand the characteristics of game activities that promote creative thinking. In 
order to assess this potential we need to examine players‘ responses to computer 
game activities to determine the creative processes employed (Kaufman et al., 2011). 
Therefore, criteria related to creativity activity must be clearly articulated (Amabile, 
1983) and subsequently translated into assessment items that relate to observable 
game activity. 
An existing theory of creative assessment (Ruscio et al., 1998) has been 
adapted to provide the basis for measuring the creative potential of computer games. 
PAPER 2: Does Activity in Computer Game Play have an Impact on Creative Behaviour?   65 
Our previous research has investigated the reliability of this assessment method for 
creative assessment within the computer game context 0. Behavioural observation 
techniques and verbal protocol analysis are used throughout the assessment process 
as these methods have been applied previously to identify engagement in creative 
process (Ruscio et al., 1998). 
This paper reports on a study designed to establish the types of creative 
activities players engage in while playing computer games. The aim is to establish 
how we might use behavioural observation and verbal protocol analysis to analyze 
specific game play activity with respect to levels creative engagement. The paper 
reports on a study of nineteen game players involved in playing three puzzle games. 
Results from the study demonstrate that game playing activities significantly impact 
upon creative potential of computer games. 
CREATIVITY AND COMPUTER GAME PLAY 
Research on creativity has resulted in multiple definitions, perspectives and 
models. For example, creativity has been defined to consist of at least four 
components: (1) the creative process, (2) the creative product, (3) the creative 
person, and (4) the creative situation (Brown, 1989b);(Mooney, 1963). This study 
concentrates on the thinking processes employed during creative activity. 
Problem sensitivity is an important aspect of creative thinking. Creativity 
involves sensitivity to problems and everyday curiosity, as individuals find problems, 
manage discrepancies and find answers to things they do not understand (Guilford, 
1950);(Torrance, 1965);(Wertheimer, 1945). Divergent and convergent thinking are 
core elements of the creative process. Divergent thinking is important for idea 
generation(Amabile et al., 1996), and necessary to produce many alternative 
solutions to the problem (Gordon, 1961). Creative ideas result from the novel 
combination of two or more ideas that have been freed from their normal links 
(Spearman, 1930). Convergent thinking as a creative process occurs in the idea 
validation stage (Amabile, 1996). It allows an individual to select the correct way to 
approach the task at hand (Sviderskaya, 2011), with the ability to select a single 
response from a series of alternatives (Clark et al., 1965). 
A game environment can be considered with respect to these components of 
the creative process. Games allow players to explore new ideas and actions through 
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the diverse game play opportunities. Research has demonstrated that computer 
games have contributed to the practice of enhancing problem-based learning 
processes (Yee Leng et al., 2010) and that they support the development of critical 
thinking through visualization, experimentation and creativity (Amory, 2007). They 
provide the players with the theoretical tools to think critically about the challenges 
(Rockwell, 2002). Problem solving experiences may emerge in games where players 
are required to break down tasks, engage meta-cognitive skills and think critically 
(Turcsányi-Szabó et al., 2006). In such situations creative thinking is facilitated. 
Engagement during game play continually delivers optional, achievable, new 
challenges and experiences within the game world (McGinnis et al., 2008). Game 
experiences that are active and provide intrinsic motivation have great potential to 
support creative processes (Paras and Bizzocchi, 2005). Importantly, prior creative 
activity can have a positive impact on learning, intrinsic motivation, and subsequent 
creativity (Amabile, 1996). 
In the research reported here, we examine puzzle-based computer games and 
the extent to which they promote creative activity. The merging of educational 
theory and game design can be achieved through games that provide appropriate 
puzzles integrated into strong story-lines (Amory and Seagram, 2003). Puzzle-based 
games emphasize problem solving through logical thinking, strategy formulation and 
pattern recognition (Adams, 2010). Physical and mental activity within puzzles 
forms the basis of game play (Prensky, 2002). In these games players must make a 
decision to act based on available, and potentially incomplete, information. The 
challenges faced and the decision space available impacts on a player‘s engagement. 
The problems that the game presents underpin the potential for the game to support 
engagement of creative processes (Amabile, 1996). While the games selected for the 
studies – Portal 2, I-Fluid and Braid – are all puzzle-based, they have different game 
mechanics, goals and settings and may therefore provide different opportunities with 
respect to engagement in creative processes. Our research examines these 
differences. 
MEASURABLE COMPONENTS OF CREATIVITY 
The componential model of creativity describes the ways in which we enter 
into stages of the creative activity. The componential framework of creativity has 
problem solving at its core and includes three major components: domain-relevant 
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skills, creativity-relevant skills and task motivation (Amabile, 1983) The three 
components operate at different levels of specificity with creativity-relevant skills 
being most general (influencing responses in any content domain) and task 
motivation being most specific (motivation may be very specific to particular tasks in 
a domain) (Amabile, 1983). The domain-relevant component operates at an 
intermediate level of specificity and includes all skills relevant to a general domain 
(e.g. public speaking). As people solve problems they generate response possibilities 
from an array of available pathways and explore the environment to determine the 
best solution. Domain knowledge plays an important part in the generation of an 
acceptable solution. Creativity-relevant skills influence the quality of the ideas 
produced as a function of cognitive style and exploration of new solution pathways, 
and task motivation influences a person‘s attitude when approaching a task and their 
desire to generate ideas (Amabile, 1983);(Amabile, 1989);(Amabile, 1996). In an 
appropriate environment, high levels of these three components yield high levels of 
creative performance (Lubart and Sternberg, 1995). 
Task Motivation 
Task motivation is specific to a particular task and relates to a person‘s attitude 
towards the task and the extent to which the task matches a person‘s own interest 
(Brown, 1989b). It accounts for an individual‘s approach to a given task and is 
responsible for processes related to initiating and sustaining creative problem solving 
(Amabile, 1983). While task motivation is particularly important when a problem is 
presented to a person, it also influences the level of responses generated. It represents 
the difference between what an individual can do and what he/she will do (Amabile, 
1996). 
Domain-relevant Skills 
Domain-relevant skills form the basis from which any performance must 
proceed. This component incorporates factual knowledge, technical skills and special 
talents within a particular domain. The information, skills and talents that an 
individual brings to a task is of particular importance in the preparation stage within 
a creative process. Domain-relevant skills define the set of possible responses 
available to a person (Amabile, 1996), based on the unique set of rules and practices 
that apply in this domain (Wang, 2008b). Such knowledge allows people to identify 
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various strategies for analyzing the information presented and is applied to determine 
appropriate problem-solving pathways. They also provide the criteria that will be 
used to assess and evaluate the results of the activities undertaken (Amabile, 
1996);(Brown, 1989b). 
Creativity-relevant Skills 
Creativity-relevant skills refer to the experience-based techniques that may be 
used within a creative process. They include cognitive style, strategies and heuristics 
that are applied to the exploration of a problem space, and working style (Amabile, 
1983). A creative cognitive style might be characterized by a facility to understand 
complexities, an ability to break mental set during problem solving, and keeping 
response options open as long as possible. Differences in cognitive activity and work 
style result in different behaviours with respect to the way individuals gather and 
evaluate information (Gutierrez and Greenberg, 1993b). 
Creativity-relevant skills act as an executive controller that influences the way 
in which the search for responses will proceed (Amabile, 1983). Creative problem 
solvers automatically activate areas of knowledge that are associated with the past 
problem solving experience and relevant knowledge (Santanen et al., 2002a). Skills 
include the ability to concentrate for the long periods of time (Brown, 1989b), as 
well as the application of principles or strategies to aid in problem solving (e.g. use 
of analogies) (Amabile, 1983). Characteristics associated with creativity-relevant 
skills include self-discipline, the ability to delay gratification, perseverance, and an 
absence of conformity. 
CREATIVE POTENTIAL IN COMPUTER GAMES 
Measurement of creative potential involves examining the relationship between 
tasks, from both a domain skill and creative skill perspective, and the effect of 
intrinsic motivation(Ruscio et al., 1998). The process we‘ve employed involves a 
behavioural assessment of computer games. Such assessment typically involves a 
variety of methods including direct observations, interviews, checklists, and tests to 
identify trial and error experiences (Cooper, 1982) and is concerned with 
measurement of the specific behaviours. For example, within an educational context, 
direct measurement might provide data on student responses to learning materials 
used during a class (Clark et al., 1965). Behavioural assessment provides a method 
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for analysis of creative process and has been used previously to measure creativity in 
structure building activities, collage making and poem writing (Ruscio et al., 1998). 
This research, which yielded a specification of particular task behaviours that 
strongly predict creativity, forms the basis for our analysis of creative activity 
facilitated through games. Our previous work  (Inchamnan et al., 2012) has 
examined the reliability of our adaptation of this measure of creative process for use 
within the computer game context. 
Behaviours such as set breaking, task pace and enjoyment are identified as 
important elements of task motivation. The specific measures used to assess 
creativity in terms of task motivation within computer games are: 
 Involvement: Work on solving the problem. 
 Stability: Refining the integrity or stability of a problem solution within the 
game. 
 Set breaking: Manipulates materials; uses or attaches them in new ways. 
 Pace: Speed at which participant works on tasks/challenges; a slow to fast 
gradient of working rate. 
 Planning: Organizes material; establishes an idea, order to build in, steps to 
take. 
 Playfulness: Engaging in tasks in curious manner; trying out ideas in a 
carefree way. 
 Exploration: curious or playful testing out of ideas. 
 Enjoyment: Having a good time, finding pleasure in the task / challenge. 
 Concentration: Focused on the task; not distracted. 
The measures identified as predictors of creativity in terms of domain-relevant skills 
are assuredness, difficulty and exhibited uncertainty (Ruscio et al., 1998). Inchamnan 
et al. have adapted these for use in the context of computer game play (Inchamnan et 
al., 2012). They include: 
 Exhibited uncertainty: Self-initiated backtracks; intentional moves to previous 
locations or revisiting a particular game task / challenge 
[R]2
. 
 Assuredness: Confidence: certainty of ability to complete task; assuredness in 
going about the task; not doubtful, timid, or anxious. Difficulty solving 
problems encountered, trouble interacting with game elements 
[R]
. Pace and 
                                                 
 
2
 The 
[R]
 symbol indicates reversed items. 
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the speed at which particular task /challenge are addressed; a slow to fast 
gradient of playing rate.  
 Difficulty: Problem with self: uncertainty, self-doubt, negative statements 
about ability or mood 
[R]
. Negative exclamations by using usually one word, 
can be two or three; curses or otherwise sharply negative statements 
[R]
.  
Creativity-relevant skills are measured through the specific process factors of 
concrete focus, concept identification, wide focus and striving (Inchamnan et al., 
2012);(Ruscio et al., 1998). The adapted measures are: 
 Wide focus: Goal statements: Something that cannot be done in one step, 
future oriented; restatement of problem given, self-imposed goal, statement 
dealing with a desired final goal, etc. Irrelevant to task: Anything not related 
to performing the task / challenge. 
 Striving: Difficulty: encountering problems or obstacles to completing some 
or all of the tasks/challenges. Transitions: movement to new area of action; 
includes place holding utterance. Question how: questioning how or what to 
do; what is currently being done. Repeat something: repeats instructions, 
words or concepts presented in the game. Exclamations: based on positive or 
negative outcomes.  
 Concrete focus: Talks about task: statements of like or dislike about the task 
[R]
. Describes game elements: statement about texture, colour, or other 
attributes of elements, naming game elements 
[R]
.  
 Concept identification: Analogies: description or statement containing an 
analogy or metaphor. Aha: eureka-type statements; abrupt change in activity. 
Transitions: movement to new action; includes place holding utterances. 
RESEARCH DESIGN 
This study assesses the components within puzzle games that provided 
opportunities for players to engage in creative processes. It also examines the 
differences between these puzzle games and how these differences impact on levels 
of creative performance within game play activities. The study applies behavioural 
observation measures that have been developed (see (Inchamnan et al., 2012) for full 
PAPER 2: Does Activity in Computer Game Play have an Impact on Creative Behaviour?   71 
details) to understand how creative behaviours and processes are manifested within 
varied game play contexts. 
Participants 
Nineteen participants were involved in the study; six were female and 13 were 
male. Their ages ranged from 18 to 34 (M= 23.79, SD= 4.35). Most participants 
were familiar with playing games with 52.6% indicating that they played games 
daily, 15.8% several times a week, 15.8% once a week, 5.3% once a month; 10.5% 
indicated that they do not play videogames. 
Procedure 
Participation in the study involved being observed while playing the three 
selected games: Portal 2, Braid and I-Fluid. The order in which players were 
presented with the games was varied to avoid order effects. Each participant was 
engaged in game play for approximately 45 minutes in total, playing each game for 
15 minutes. This amount of time playing each game has been shown to be sufficient 
for proving a good assessment of a game play experience (Przybylski et al., 2012a). 
To examine the creative process, participants were video recorded while playing the 
games. A video coding scheme was used to capture the type and frequency of 
observable behaviours and verbalizations for each participant video. This coding 
scheme is based on the measures developed for analyzing creative process. 
Materials and Data Analysis 
Game related behaviour was used to assess participants‘ level of creativity 
across the three games. A specific behaviour was either rated on a seven-point Likert 
scale ranging from 1 (low) to 7 (high) or through the use of a frequency tally. 
Seventeen items, grouped within nine variables, related to task motivation. The 
grouping included involvement, stability, set breaking, pace, planning, playfulness, 
exploration, enjoyment and concentration. All of these items were assessed using 7-
point Likert scales. Twelve items were included to analyze domain-relevant skill 
factors. The items were grouped into 3 variables: exhibited uncertainty, assuredness, 
and difficulty. Uncertainty and difficulty were assessed using frequency measures 
and assuredness was assessed using 7-point Likert scale. Eighteen items were 
designed to measure creativity-relevant skills with items grouped into four variables: 
wide focus, striving, concrete focus and concept identification. Wide focus, concrete 
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focus and concept identification were measured using frequency counts. Striving 
used a combination of frequency count items and Likert scale items. 
Two researchers analyzed the data using behavioural and verbal coding 
techniques. Initially, two raters practiced rating the game play video in an iterative 
fashion, discussing disagreements. They then coded a subset of actual participants‘ 
videos completely independently of one another and results were analyzed to ensure 
inter-rater reliability. 
RESULTS 
Analysis was undertaken to determine whether levels of participant 
engagement in task motivation, domain-relevant skills and creativity relevant skills 
differed across games. The data was checked for multivariate outliers using 
Mahalanobis Distances, and normality and homogeneity of variance assumptions 
were assessed using Box's Test of Equality of Covariance Matrices (p=. 366). To 
ensure that all variables contributed equally, all frequency tally scores were 
standardized (Myers and Well, 2003). The ANOVA results show a significant mean 
difference between domain-relevant skills between the 3 games and no differences in 
task motivation or creativity skills (Table 3) that the less domain-relevant skills were 
used in Braid than in Portal 2 (p=. 008) (see Figure 8). 
TABLE 3: MEAN DIFFERENCE OF EACH GAME 
Source Dependent Variable F Sig. 
Game 
Mean Task Motivation 1.298 .281 
Mean Domain Skill 3.813 .028 
Mean Creativity Skill .417 .661 
 
Statistical analysis demonstrates a difference between the standardized values 
for task motivation, domain-relevant skills and creativity-relevant skills for each 
game (Figure 8), and MANOVA results show that there is significant difference in 
terms of domain-relevant skills between Braid and Portal 2.The lack of statistically 
significant differences found for task motivation and creativity skill may be partially 
due to a lack of power associated with the small sample size. Additionally, the small 
sample size precludes running additional inferential statistics looking at the 
categories within each component of creativity. Given the exploratory and early 
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nature of this work we elected to further analyse the data collected using descriptive 
statistics and to interpret relatively small differences with the intention of confirming 
our findings in future work with a larger sample. 
 
Figure 8: Creative potential components for each game. 
Task Motivation 
Across all nine categories within task motivation, Portal 2 achieved higher 
averages than Braid. Braid received the lowest averages in 11 of the 17 items. I-Fluid 
generally received scores between those of Braid and Portal. However for five items 
across the categories of pace (1), planning (3), playfulness (1), I-Fluid received the 
lowest averages. 
While some of the average differences between Portal 2, Braid and I-Fluid 
were small, in some categories the variation was more noticeable. Video analysis 
demonstrates that each of the games allowed consistent opportunities for players to 
work on solving problems during the game  (involvement), and that the games were 
structured so that there was minimal distractions during problem solving enabling 
players to engage in a focused way (concentration) (see Table 4). In Portal 2, for 
example, for players to solve puzzles they have to engage in spatial reasoning 
activities as they teleport the player character and simple objects using a device that 
can create inter-spatial portals between two flat planes. In Braid, players progress by 
finding and assembling jigsaw puzzle pieces. I-Fluid requires players to maneuver a 
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drop of water through a challenging landscape ensuring that the water doesn‘t get 
absorbed across a range of surfaces. 
TABLE 4: RESULTS FOR INVOLVEMENT AND CONCENTRATION ITEMS ACROSS THE 
THREE GAMES 
 Braid  
M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Involvement 5.47 (0.67) 5.79 (0.54) 5.79 (0.71) 
Minimal distraction 5.21 (1.06) 5.21 (1.18) 5.37 (1.16) 
Focussed activity 5.58 (0.67) 5.63 (0.60) 5.68 (0.89) 
 
The three categories where Portal 2 offered activities to facilitate task 
motivation were stability where players had more opportunities to refine the integrity 
of a problem solution, set breaking where they were able to manipulate materials in 
different ways, and enjoyment through finding pleasure in the challenges faced. 
In Portal 2, players can work on refining problems (M=5.68, SD=1.00) more 
readily than in Braid (M=5.11, SD=0.85). The mechanics within Portal 2 allows 
players with more experimentation opportunities during problem solving. For 
example, the player can move around freely and interact with a range of objects in 
real time. A player was observed experimenting with the placement of a cube across 
gaps, through holes in the walls and around obstacles to see if that helped to solve a 
particular puzzle. While Braid does provide opportunities for players to experiment 
through its time-based mechanic that allows players to reverse time and rewind 
actions, there are fewer tools available to the player to solve the puzzles. 
TABLE 5: RESULTS FOR SET BREAKING ITEMS ACROSS THE THREE GAMES 
 Braid  
M (SD) 
Portal 2 
M (SD) 
Manipulation of objects 5.05 (0.83) 5.63 (1.07) 
Different uses for objects 4.74 (0.91) 5.16 (0.89) 
 
Similarly, Portal 2 offered greater opportunities for players to engage in set 
breaking activity during problem solving (see Table 5). Players were provided with 
greater opportunities to use and more freely manipulate a greater range of objects 
(e.g., cubes, receptacles, beams, portals) than in either of the other two games. 
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Video analysis suggested that Portal 2 offered players game activities that were 
more enjoyable than both Braid and I-Fluid (see Table 4). Players appeared to derive 
pleasure in exploring the world created in Portal 2 and the opportunities available to 
them to try out different strategies. For example a player laughed out loud and 
claimed ―wow, wow this is so cool‖ as the room she‘s in starts to disintegrate and 
she starts moving through the level. ―Alrighty, we‘re going to need a piece of 
equipment‖, she claims and then she laughs again. Portal 2 also has humorous 
elements weaved through the setting, characters and mechanics. 
TABLE 6: RESULTS FOR ENJOYMENT ITEMS ACROSS THE THREE GAMES 
 
Braid  
M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Having a good time 4.68 (0.65) 4.89 (1.15) 5.42 (1.17) 
Pleasurable tasks 4.63 (0.74) 4.84 (1.12) 5.37 (1.26) 
 
Within other categories there were also examples of where Portal 2 offered 
better opportunities for players to be engaged in activities that facilitated task 
motivation. Planning was demonstrated to be a more important part of game play in 
Portal 2 (M=5.47, SD=1.22) than it was in either Braid (M=5.00, SD=0.86) or I-
Fluid (M=4.95, SD=0.85). Study participants were also more likely engage more in 
game tasks in a more curious (M=5.42, SD=1.02) and carefree (M=5.47, SD=1.02) 
way while playing Portal 2, than in either Braid (M=4.84, SD=0.81 and M=5.00, 
SD=0.92 respectively) or I-Fluid (M=4.95, SD=1.03 and M=4.95, SD=0.97 
respectively). In Portal 2 players have time to consider their options from a wide 
range of choices, whereas in Braid and I-Fluid the environment is more likely to 
guide the player to choices of action. Both Braid and I-Fluid are more likely to limit 
the number of actions available that will lead to success (e.g., needing to collect 
additional moisture to avoid dying in I-Fluid). As a result exploration activity 
through playful testing out of ideas was also greater in Portal 2 (M=5.37, SD=1.12) 
than either Braid (M=4.84, SD=0.67) or I-Fluid (M=4.89, SD=1.10). 
Domain-relevant Skills 
Video coding of behaviours demonstrated which puzzle game play activities 
influenced average domain-relevant skill scores. Results were significant with 
respect to the difference between Portal 2, which performed better in this component, 
76 PAPER 2: Does Activity in Computer Game Play have an Impact on Creative Behaviour? 
and Braid. Braid received the lowest results. In Portal 2 player behaviour indicative 
of domain-relevant skills was generally high in comparison. 
Results for exhibited uncertainty demonstrate that while both Portal 2 and I-
Fluid performed at a similar level (M=6.53, SD=1.26 and M=6.47, SD=1.74 
respectively), players were more likely to reverse or undo steps and actions 
performed in the game within Braid (M=4.32, SD=1.56). The core mechanic 
underpinning Braid is the manipulation of time and the reversal of actions, so it 
might be expected that player would use this feature during game play. 
Consequently, the extent to which this is a true indication of exhibited uncertainty is 
unclear. 
Participants acted with more assuredness while playing Portal 2 than either I-
Fluid or Braid. On all but one of the assuredness items Portal 2 received the best 
results. For five of the seven items Braid performed the worst, and for the other two 
items I-Fluid received the lowest average scores. In Portal 2 players felt more 
assured in going about their tasks, had more certainty about their ability to 
successfully complete tasks, were less in doubt about what they were required to do, 
and exhibited less anxiety during game play (see Table 7). Confusion in I-Fluid for 
example often related to what surfaces absorbed the water droplet. One player stated 
―Surely untreated wood would soak you right up? Surely the dried seaweed wrapped 
around sushi wouldn‘t?‖ Within Braid, some players found certain game objectives 
difficult to complete and ended up in states where they felt ―stuck‖ and clearly 
uncertain about what actions were required to move forward in the game (e.g. a 
player struggling to get out of the cave after he gets a key). 
TABLE 7: RESULTS FOR FOUR ASSUREDNESS ITEMS ACROSS THE THREE GAMES 
 
Braid  
M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Task assuredness 4.74 (1.02) 4.89 (1.41) 5.42 (1.43) 
Certain about ability 4.79 (1.06) 4.84 (1.42) 5.32 (1.42) 
No doubt about actions 4.74 (0.96) 5.05 (1.39) 5.37 (1.30) 
Not anxious during play 4.68 (1.22) 5.05 (1.18) 5.26 (1.33) 
 
The challenges encountered by players in Braid and I-Fluid were reflected in 
the results within the difficulty category. While players encountered difficulties 
across all games, in items related to frequency of negative utterances there were 
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higher levels for Braid and I-Fluid with players making statements like 
―Seriously...why do you keep doing that‖ during ongoing failure to complete a task, 
and ―Come on...!‖ over frustration at not being able to kill an enemy. It appeared that 
some of the difficulty that arose in both Braid and I-Fluid resulted from challenges 
faced when working with objects and resources. Players seemed to need more time to 
understand how to effectively manipulate time to achieve objectives in Braid, and 
found manipulating the small droplet of water along items such as chopsticks in I-
Fluid difficult. 
Creativity-relevant Skills 
The video analysis demonstrates that, while the differences were not 
significant, there were higher levels of player engagement in creativity-relevant skills 
in Braid in comparison to Portal 2. Results for I-Fluid fell in between these two 
(Figure 8). Overall frequency scores across this domain were low and players didn‘t 
exhibit high levels of behaviours indicative of creativity-relevant skills. 
While there was very little variation in the concrete focus and concept 
identification categories, differences in averages varied across items within the wide 
focus and striving categories. Within the wide focus category, Braid activity is more 
future oriented and players were more likely to restate problems, while in Portal 2 
problems generally required more steps to solve and players had more opportunity to 
develop their own goals (Table 8). I-Fluid received the best results for allowing 
players to perform non-goal actions. 
TABLE 8: RESULTS FOR WIDE FOCUS ITEMS ACROSS THE THREE GAMES 
 
Braid  
M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Future oriented 1.63 (1.04) 0.95 (1.03) 1.32 (1.00) 
Develop own goals 2.32 (1.38) 1.68 (1.16) 2.37 (1.16) 
More than one step 2.26 (0.96) 2.16 (1.30) 2.53 (1.47) 
Restating problems 2.37 (1.38) 2.32 (1.29) 0.95 (0.78) 
Performing non-goal actions 0.11 (0.31) 0.79 (1.13) 0.74 (0.93) 
 
In the striving category, Braid achieved the highest scores across four of the 
eight items and I-Fluid achieved the highest scores for the other four items. Players 
were more likely to ask questions in relation to particular stages of game play, 
current actions to be performed and how to complete tasks while playing Braid. In 
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both games there were higher levels of players striving as they encountered problems 
and obstacles than in Portal 2. 
DISCUSSION 
The research has identified the key specific components of puzzle computer 
game experiences that may be measured to assess a game‘s potential for supporting 
creative activity. The analysis has demonstrated that creative activity is closely tied 
to the core mechanics of the game. While each of the games examined involves the 
players in focused activity, influences on task motivation like task refinement and set 
breaking are a function of particular game mechanics. In Portal 2 players were better 
able to experiment with the variety of resources available. The ability to explore and 
try out new strategies appears to have led to greater enjoyment in the game. 
Temporal aspects of games play an interesting role in creative processes. It is 
clear that allowing players the time to consider how they‘re going to achieve their 
goals and to formulate plans of action has an impact on both the task motivation and 
domain-relevant skills components of the creative process. Players were more 
assured while engaging with Portal 2 as they didn‘t have to deal quickly with 
enemies (Braid) or decisively act to absorb more moisture and avoid dying (I-Fluid). 
Time manipulation in Braid created an interesting paradox. On one hand, it created 
an environment where players were always backtracking and revisiting past actions 
within the game, but offered opportunities for future oriented activity, questioning 
how they might achieve their goals through applying this mechanic in a clever way. 
While this behaviour is an indication of uncertainty in the domain-relevant skill 
component, it also promotes creativity-relevant skill activity. 
Object and resource manipulation within the games was a source of behaviour 
variation across all components. The openness of Portal 2 environment and 
subsequent opportunities for players to engage in a wide range of object and world 
manipulation activities positively impacted on all three creative process components. 
The limitations present in both Braid and I-Fluid negatively impacted on task 
motivation and domain relevant skills. However, these challenges might have had a 
positive effect on creativity-relevant skill activities as players had to strive to achieve 
their goals. 
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In the context of critical reviews for these three games, the results in the 
domain-relevant skills categories might be expected. For example, I-Fluid has been 
criticized as having puzzles that are ―too confusing‖ (Metacritic). It appears that, 
while all three games present puzzles to players, Portal 2 does the best job of gently 
guiding the player and increasing complexity at an appropriate rate. Players have 
greater time and freedom to explore in a curious and carefree way. In the other two 
games players were more likely to get confused, express frustration and feel 
constrained in their approach to problem solving. 
The results from the creativity-relevant domain indicate that there are further 
opportunities for games to build in opportunities for creative problem solving. Puzzle 
games focus on logical and conceptual challenges and they are not generally the type 
of experiences where players develop their own goals. Much game play in puzzle 
games embodies in a limited rule-set and encourages specific goal directed 
behaviour. For example, while players can explore an environment in I-Fluid, they 
have to be very careful about the level of moisture remaining in the water droplet. 
This rule limits what players will do and the focus that they have. Creative activity 
can only be achieved within environments where consequences of exploration and 
experimentation are positive. Braid‘s time manipulation mechanic allows this type of 
activity to occur more readily, while at the same time difficulty of puzzles requires 
players to strive to achieve their goals. 
The results presented may be interpreted as being related to the puzzle game 
genre specifically, but we feel that we may draw more general conclusions. The 
issues we‘ve discussed around environments that encourage exploration and 
experimentation, the importance of allowing players time to think, the manipulation 
of objects within the game world, and presenting challenges that balance difficulty 
with the need for players to strive and be engaged in effortful activity, may all be 
applied beyond the puzzle game genre to create games that have the potential to 
facilitate creative behaviour. 
CONCLUSIONS AND FUTURE WORK 
The research presented in this paper demonstrates that existing measures and 
techniques can be successfully adapted for use in behavioural assessment of the 
creative processes that occur within game play experiences. It has identified the key 
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specific components of computer game experiences that may be used to assess a 
game‘s potential for supporting creative activity. Analysis of player behaviour 
indicates that while task motivation and domain-relevant skills were generally high 
for each of the games, engagement in creativity relevant skills was low in 
comparison. The findings show that Portal 2 engaged players most readily in 
activities that produce task motivation and domain-relevant skills. A game‘s core 
mechanics form the basis for player behaviour and this research demonstrates that 
while all games require puzzle solving, it was the nature of activities such as object 
manipulation, world exploration and time pressured tasks that influenced 
engagement in creative process. 
In future, this understanding of the ways in which games facilitate creative 
thinking will be used to create a framework for designing new gaming experiences. 
The framework will identify crucial characteristics of the creative process that 
emerge throughout the process of playing games and map elements of computer 
games to components of the creative process. 
Present research has focused on the puzzle game genre and our current results 
cannot be extrapolated beyond this genre. Future work will explore creativity in the 
game play process more generally through deconstruction of a wide range of game 
play experiences. The knowledge generated through this research will assist in 
creating games (either educational or commercial) that include engaging mechanics 
that further involve players in creative problem solving. 
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STATEMENT OF CONTRIBUTION 
The paper contributes to the research project through further examination of 
the extent to which components of creative activity are facilitated puzzle game play. 
This paper provides a full description of the behaviour analysis designed to measure 
the creative potential of computer game activities and gives examples of specific 
game play that facilitates engagement in creative processes. 
PREAMBLE 
Previous papers have outlined the items that are incorporated within each of 
the components of the creative process: for example, involvement as an element of 
task motivation, assuredness as integral in domain relevant skills and wide focus as 
an element of creativity relevant skills. These papers have examined, at a general 
level, which factors are demonstrated to emerge during game play for the three 
puzzle games, Portal 2, I-Fluid and Braid. The paper results discussion covers all 
three games and looks at variations across specific observational items within the 
three categories: task motivation, domain relevant skills and creativity relevant skills. 
However, for specific items within each category, two examples were chosen that 
demonstrated where significant differences in game design resulted in different 
levels of creative activity. This paper builds on previous research by providing 
further detail of each creative criterion occurred during game play activities. The 
findings show that task motivation and domain-relevant skill as a component of the 
creative problem solving processes were significantly different in each game play 
activities.  
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ABSTRACT 
This paper analyses the relationship between creative behavioral processes that 
occur in the games and the game play experience. The research approach applies a 
behavioral and verbal protocol to analyze the factors that influence the creative 
processes used by people as they play computer games from the puzzle genre. 
Creative processes are measured by examining task motivation and domain-relevant 
and creativity-relevant skills factors. This paper focuses on the reliability of the 
factors that are more strongly related to creativity. The findings show the creative 
components occurred to yield levels of creative performance within puzzle game 
play activities. Results show that increased engagement in creative processes during 
game play resulted in a better player experience. Task motivation and domain-
relevant skill as a component of the creative problem solving processes were 
particularly influential, as was the use of creativity-relevant skills. 
KEYWORDS 
Creative components, Task motivation, Domain-relevant skill, Creativity-
relevant skill, Puzzle game, Behavioral assessment, Verbal assessment, Game play 
Experience, Learning Practice  
INTRODUCTION  
The dramatic growth of gaming as entertainment and the pervasive quality of 
game play experiences has led to a need to better understand the phenomena. Much 
research in this area has focused on the negative (for example, game addiction), and 
only recently have researchers begun to examine the positive consequences of game 
play experiences. While there has been significant growth in game-based learning 
research in the past two decades (e.g. (Prensky, 2003), (Habgood and Ainsworth, 
2011)), this research focuses on games that have been specifically designed for 
educational purposes. The positive benefits of commercial games primarily designed 
for entertainment purposes, have only recently become a focus within the games 
research community (e.g. user experience(Wang, 2008a), mood (Ryan and Deci, 
2000) and cognitive reasoning(Spence and Feng, 2010). Prior research has suggested 
that problem ability depends on applying domain knowledge and a skill associated 
with analyzing information in problems(Sutherland, 2002). Jeffries (2011) studied a 
conception of skills relevant to creativity within game design. While current research 
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demonstrates the effectiveness of some games in facilitating creativity, this study 
focuses on the extent puzzle games foster people creative problem solving processes. 
In terms of problem solving, video games have contributed to the practice of 
enhancing problem-based learning processes. The experiences and learning that 
occur in computer games may enhance creative processes (Yee Leng et al., 2010). 
Games support the development of critical thinking through visualization, 
experimentation and creativity (Amory, 2007), and provided players with the 
theoretical tools to think critically about challenges (Rockwell, 2002). Visualization 
and problem-solving are an integral part of adventure and strategy games and players 
are able to visualize the cause and effects of their own actions and develop intrinsic 
decision-making skills (Amory et al., 1999). Game elements may provide a problem 
solving process experience as players break down tasks, engage meta-cognitive skills 
and think critically. 
CREATIVE COMPONENTS  
The componential model of creativity describes the ways in which people enter 
the stages of the creative activity. The componential framework of creativity has 
problem solving at its core and includes three major components: domain-relevant 
skills, creativity-relevant skills and task motivation(Amabile, 1983). As people solve 
problems they generate response possibilities from an array of available pathways 
and explore the environment to determine the best solution. Domain knowledge 
plays an important part in the generation of an acceptable solution. Engaging in 
playful activities or fantasy can have a positive effect that influences the active 
engagement of creativity-relevant processes(Amabile, 1996). Creative-relevant skills 
influence the quality of the ideas produced and task motivation influences the 
quantity of ideas(Amabile, 1983, Amabile, 1989, Amabile, 1996). In seeking to 
understand the creativity, El-Murad and West (2004) adopted a similar approach to 
Amabile work. Amabile emphasizes aspects of managerial practice that affect 
creativity. The componential framework of creativity (Amabile, 1989) has problem 
solving at its core and includes three major components: domain-relevant skills, 
creativity-relevant skills and task motivation. In an appropriate environment, high 
levels of three components occur to yield high levels of creative performance(Lubart 
and Sternberg, 1995). 
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Task Motivation 
 
The task motivation is specific to a particular task that is a baseline attitude 
toward the task and matches the person‘s own interest(Brown, 1989a). It is an 
important component during the problem presentation stage and during response 
generation. Task motivation refers to determinant of the difference between what an 
individual can do and what he/she will do. Convergent thinking in a creative process 
occurs in the idea validation stage(Amabile, 1996). It allows an individual to select 
the correct way to approach the task at hand, with the ability to select a single 
response from a series of alternatives(Clark et al., 1965).  
Domain-relevant Skill 
Domain-relevant skills form the basis from which any performance must 
proceed. This component incorporates factual knowledge, technical skills and special 
talents in a particular domain. The information, skills and talents that an individual 
brings to a task influence the creative preparation process. Domain-relevant skills 
define the set of possible responses available to a person(Amabile, 1996). Any 
problem domain consists of a unique set of rules and practices (Wang, 2008a) and 
this knowledge allows people to identify various strategies for conducting 
information analysis. Domain-relevant skills provide the material drawn on during 
operations that determine problem-solving pathways. They also provide the criteria 
that will be used to assess the response possibilities(Amabile, 1996). Knowledge of a 
particular domain influences the evaluation process(Brown, 1989a).  
Creativity-relevant Skill 
Creativity-relevant skills include cognitive style, application of heuristics for 
the exploration of new cognitive pathways, and working style(Amabile, 1983). These 
factors influence the response generation process. Heuristic thinking is individual 
skills that rely comfortably on their feeling for the situation. Differences in cognitive 
style result in different behaviors with respect to the way individuals gather and 
evaluate information(Gutierrez and Greenberg, 1993a). Creativity-relevant skills act 
as an executive controller that influences the way in which the search for responses 
will proceed(Amabile, 1983). Brown (1989) stated that creativity-relevant skills 
include abilities to concentrate for the long periods of time. The relevant 
characteristics are commonly reported as correlates of creative people, including 
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self-discipline, ability to delay gratification, perseverance, and absence of 
conformity(Brown, 1989a). Problem solvers automatically activate areas of 
knowledge that are associated with the past problem solving experience and relevant 
knowledge(Santanen et al., 2002a). This component includes a cognitive style 
characterised that refer to ability to break set during problem solving. Individuals can 
gain experience with idea generation that may devise their own strategies for creative 
thinking processes(Amabile, 1996). 
GAMES FOR LEARNING 
Playing games has a significant role in helping people to learn (Paras and 
Bizzocchi, 2005). Learning the rules of a game allows players to interact with game 
objects and avoid an environment of frustration and confusion. This learning 
experience allows player greater freedom in terms decision-making. The interactive 
experience with the game environment allows people to express their creativity and 
intentions (Sweetser and Johnson, 2004). Creating authentic and engaging gaming 
activities that incorporate educational content and process may lead to new learning 
practices. The informal learning linked with games can provide a foundation for 
innovation which can be applied in a formal learning situation (Spikol and Milrad, 
2008b).  
Puzzle Games 
In terms of problem solving, video games have contributed to the practice of 
enhancing problem-based learning processes. Game performance may be influenced 
by the player‘s prior experience(Hong et al., 2012a). This study focuses on the 
engagement in creative activity that is the result of individuals being intrinsically 
motivated to interact, and the learning that occurs through prior positive experiences. 
The relationship between educational theory and game design appears to require 
appropriate puzzles integrated into strong story line where game technology is used 
to create an entertaining experience (Amory, 2007). Modeling creative game play 
focuses on puzzle games. In a puzzle game, the game play is the physical and mental 
activities. Game play includes the game‘s rules, the various choices and 
challenges(Prensky, 2002). The relationship between the use of creative processes 
during game play and player experience is examined in the context of three puzzle-
based games – Portal 2, I-Fluid and Braid. While these games have different 
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mechanics, goals and setting, they all require the player to solve puzzles to progress 
through the game.  
Measurement of creative potential involves examining the relationship between 
tasks, from both domain skill and creative skill perspective, and the effect of intrinsic 
motivation(Ruscio et al., 1998). It has been used previously to measure creativity in 
structure building activities, collage making and poem writing. The research yielded 
a specification of particular task behaviors that strongly predict creativity. The model 
proposed by Ruscio et al. (Ruscio et al., 1998) identifies task motivation as a 
measure of involvement in tasks. Behaviors such as set breaking, task pace, 
exploration, enjoyment, and concentration are identified as the ways in which 
intrinsic motivation manifests itself within the creative process. The creative game 
potential measures identified good reliability for the 9 task motivation factors 
through these behaviors are (Inchamnan et al., 2012):  
 
 Involvement (A1): Work on solving the problem; 
 Stability (A2): Refining the integrity or stability of a problem solution 
within the game; 
 Set breaking (A3): Manipulates materials; uses or attaches them in new 
ways; 
 Pace (A4): Speed at which participant works on tasks/challenges; a slow to 
fast gradient of working rate; 
 Planning (A5): Organizes material; establishes an idea, order to build in, 
steps to take; 
 Playfulness (A6): Engaging in tasks in curious manner; trying out ideas in a 
carefree way; 
 Exploration (A7): Curious, or playful testing out of ideas 
 Enjoyment (A8): Having a good time, finding pleasure in the task / 
challenge; and 
 Concentration (A9): Focused on the task; not distracted. 
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The measures identified by Ruscio et al. (1998) as predictors of creativity are 
assuredness, difficulty and exhibited uncertainty. Some researchers have been 
adapted to formulate creative game potential measures in terms of domain-relevant 
skills in the context of computer game play They include (Inchamnan et al., 2012):  
 Exhibited uncertainty (B1): Self-initiated backtracks by using intentionally 
moves to previous locations or revisits a particular game task / challenge. 
 Assuredness (B2): Confidence: certainty of ability to complete task; 
assuredness in going about the task; not doubtful, timid, or anxious. Pace and 
the speed at which particular task /challenge are addressed; a slow to fast 
gradient of playing rate; and 
 Difficulty (B3): Problem with self: uncertainty, self-doubt, and negative 
statements about ability or mood. Negative exclamations by using usually 
one word, can be two or three; curses or otherwise sharply negative 
statements. 
Creativity-relevant skills are measured through the specific process factors of 
concrete focus, concept identification, wide focus and striving (Ruscio et al., 1998). 
These have been adapted for the game play context. The creative game potential 
measures, in terms of creativity-relevant skills, are (Inchamnan et al., 2012):  
 Wide focus (C1): Goal statements: Something that cannot be done in one 
step, future oriented; restatement of problem given, self-imposed goal, 
statement dealing with a desired final goal, etc. Irrelevant to task: Anything 
not related to performing the task / challenge; 
 Striving (C2): Difficulty: encountering problems or obstacles to completing 
some or all of the tasks/challenges. Transitions: Movement to new area of 
action; includes place holding utterance. Question how: Questioning how or 
what to do; what is currently being done. Repeat something: Repeats 
instructions, words or concepts presented in the game: Exclamations: based 
on positive or negative outcomes; 
 Concrete focus (C3): Talks about task: statements of like or dislike about the 
task. Describes game elements: statement about texture, color, or other 
attributes of elements, naming game elements; and 
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 Concept identification (C4): Analogies: Description or statement containing 
an analogy or metaphor. Aha: Eureka-type statements; abrupt change in 
activity. Transitions: movement to new action; includes place holding 
utterances. 
RESEARCH DESIGN 
This study assesses components occurred to yield levels of creative 
performance within puzzle game play activities. The methodological contribution of 
the study is the demonstration that creative behaviors and processes that occur during 
puzzle game play can be examined using behavioral observation techniques and 
verbal protocol analysis. Using behavioral observation techniques and verbal 
protocol analysis were may be able to identify and quantify predictors of 
creativity(Ruscio et al., 1998). Game task behaviors and verbalizations were coded to 
obtain empirical indices of the assessed factors: task motivation, domain-relevant 
skills and creativity-relevant skills. 
PARTICIPANTS 
Nineteen participants participated in the study (31.6% of female, 68.4% of 
male). They had an average age of 24, ranging from 18 to 34(M= 23.79, SD= 4.35).  
Most participants were familiar with playing games with 52.6% indicating that they 
played games daily, 15.8% several times a week, 15.8% once a week, 5.3% once a 
month; 10.5% indicated that they do not play videogames. 
PROCEDURE 
Participation in the study involved being observed while playing the three 
selected games: Portal 2, Braid and I-Fluid. The order in which players were 
presented with the games was varied to avoid order effects. Participants played 
approximately 45 minutes in total. They played each game for 15 minutes. To 
examine the creative process, participants were video recorded while playing the 
games. Two researchers gathered data through behavioral and verbal coding 
techniques. A video coding scheme was used to capture the type and frequency of 
observable behaviors and participant verbalizations. Video coding was completed for 
each of participant. Two raters coded pilot videos to ensure rater reliability for details 
of the development of this technique and all measurement items. This approach 
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provides a good approximation of the significance level for the treatment and time 
effect, through three treatments as playing the three selected games. 
MATERIALS 
Game related behavior was used to assess participants‘ level of creativity 
during various game activities on a seven-point Likert scale ranging from 1 (low) to 
7 (high), and through the use of a frequency tally. Seventeen items related to task 
motivation (e.g., ―Participant works on solving problems within the game.‖). The 
items were grouped within nine variables: Involvement, Stability, Set breaking, Pace, 
Planning, Playfulness, Exploration, Enjoyment, and Concentration. All of items were 
assessed using 7-point Likert scales. Twelve items were included to analyze domain-
relevant skill factors (e.g., ―Participant feels certain about his/her ability to complete 
tasks in the game‖). The items were grouped into 3 variables: Exhibited uncertainty, 
Assuredness, and Difficult. Seven items were assessed using a 7-point Likert scales 
and data for five items was captured as frequency counts. Eighteen items were 
designed to measure creativity-relevant skills (e.g., ―Participant is able to develop 
his/her own goals within the game‖). The items were grouped into four variables: 
Wide focus, Striving, Concrete focus, and Concept identification. Only three items 
were assessed using a 7-point Likert scales. Fifteen items were assessed using 
frequency counts. 
RESULTS 
To make each variable contribute equally to the mean, values of frequency 
items are standardized Figure 1 shows the comparison of average scores based on 
standardized values as variables for creativity components: Task motivation, 
Domain-relevant skills and Creativity-relevant skills for each game. In Portal 2, the 
level of task motivation and Domain-relevant skills are highest. I-Fluid has the 
average for three components. Braid has the highest for creativity-relevant skills and 
lowest for both task motivation and domain skills. While player behavior indicative 
of task motivation and domain-relevant skills were generally high for each of the 
games, engagement in creativity relevant skills was low in comparison. 
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Figure 9: Creative potential components for each game 
 
Behavior Analysis of Task Motivation 
According to means difference (Figure 9), the coding results show the example 
of puzzle game play activities influence the high level of task motivation in Portal 2. 
Conversely, in Braid game play activities engage low in comparison.  
Involvement Activities 
Both games allow participants high works on solving the problem within the 
game activities. In Portal 2, the player works to solve a wider variety of portal 
puzzles and expansive story to escape from the room (M=5.79, SD=0.71). In Braid, 
the player progresses by finding and assembling jigsaw puzzle pieces (M=5.47, 
SD=0.67).  
Stability Activities 
These activities of both games show high refining the integrity or stability of a 
problem solution. In Portal 2, the player can move one to one, rotate objects in real 
time such as ―…get the box across gaps through holes in the walls and around 
obstacles‖(M=5.68,SD=1.00). In Braid, the player can read some sort of information 
from words. After a few seconds or minutes of reading his/her amassed a bit of 
knowledge and can find ways to apply it (M=5.11,SD=0.85).  
Set Breaking Activities 
These activities allow participants to use objects and materials in different 
ways. In Portal 2, the player can use the portal gun to get in and use the cube to open 
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the door (M=5.16, SD=1.30). In Braid, the player can use a shift button to complete 
some task such as pick the key form the enemy in the cave (M=4.74, SD=0.91). 
Pace Activities 
These activities required more high speed within Portal 2 progresses from a 
slow to fast than Braid activities. In Portal 2, the player spends a lot of time tangling 
with spatial reasoning puzzles in test chambers form slowly to fast (M=5.00, 
SD=1.15). In Braid, the clock has always ticked down for bonus point, but only 15 
minutes, the player cannot achieve a bonus point (M=4.53, SD=1.04). 
 
Planning Activities 
 
 
Figure 10: Portal 2 Planning Activities  
 
Planning activities that participants can organize materials in both games are 
high. In Portal 2, the game challenges player to use portals to traverse rooms in 
unusual ways such as a player-character executing the "flinging" manoeuvre gains 
speed by falling into the blue portal to shoot across a wide gap upon exiting the 
orange portal in Figure 10 (M=5.42,SD=1.30). In Braid, the payer can use enemies 
to complete his/her task such as use the enemies to jump higher (M=5.05, SD=1.05). 
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Playfulness Activities 
In Portal 2, participants can engage more in game tasks than Braid. The game 
needs the player to find a way to add an element to the puzzle, which the player will 
have to ponder before they can take action (M=5.42, SD=1.02). In Braid, the player 
got trapped in the Jigsaw Bridge and tries to find out what the meaning of whole 
puzzle (M=4.84, SD=0.81). 
Exploration Activities 
In Portal 2, encourages more playful testing out of ideas than braid. The player 
can use portal gun to get the idea of get in or get out (M=5.37, SD=1.12). In Braid, 
the game allows the player test his/her ideas how to get the key in Fig. 3. (M=4.84, 
SD=0.67). 
Enjoyment Activities 
The game play tasks are higher positive enjoyment activities in Portal 2 than 
Braid. In Portal 2, the player follows a logical sequence that is satisfying to discover 
the puzzle (M=5.37, SD=1.26). In Braid, the player said cute and smile when saw 
the animal at the castle (M=4.63, SD=0.74). 
Concentration Activities 
Related to concentration in problem solving activities, both games provide 
minimal distraction the game tasks.  In Portal 2, the game tasks provide the player to 
think and do the action without penalty of time (M=5.37, SD=1.16). In Braid, the 
player feels comfortable to complete the puzzle pieces (M=5.21, SD=1.06). 
Behavior Analysis of Domain-Relevant Skills 
The coding results show the example of puzzle game play activities influence 
average domain relevant skill in I-Fluid. While in Portal 2, player behavior indicative 
of domain-relevant skills was generally high in comparison.  
Exhibited Uncertainty Activities 
Both games provide participant can reverse or undo steps or action in the game 
activities. In I-Fluid, the player can reverse or undo all the time without penalty 
(M=4.32, SD=1.56). In Portal 2, the game allows players trial-and-error until they 
come upon the solution such as ―It‘s on to opening portals, jumping off ledges, and 
redirecting light in bouts‖ (M=6.53, SD=1.26).    
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Assuredness Activities 
Assuredness activities allow players confidential in going about required tasks. 
In I-Fluid, the absorbent surfaces such as paper or biscuits will soak player up that 
make common sense (M=4.74, SD=1.02). In Portal 2, the puzzle rooms are 
incredibly well designed in there is no hard and fast rule with the game‘s difficulty 
curve (M=5.42, SD=1.43). 
Difficulty Activities 
Both games allow participants feel uncertain completing tasks. In I-Fluid, the 
small objects to take control make player feel uncertain such as player said in Figure 
11 ―It too tiny for me‖ (M=5.47,SD=1.64).   In Portal 2, the new player cannot get 
the ideas how to use the cube to open the gate (M=6.16, SD=1.07).   
 
 
Figure 11: I-Fluid Difficulty Activities 
Behavior Analysis of Creativity-Relevant Skills 
The coding results show the example puzzle game play activities influence 
high creativity relevant skill in Braid. While in Portal 2, player behavior indicative of 
creativity-relevant skills was generally low in comparison.  
Wide Focus Activities 
Wide focus activities are composed of goal statement and irrelevant to tasks, 
for example the current problem that need to be solved more than one step. These 
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activities both games are low. In Braid, the player has to solve jigsaw to create 
bridge and can go to solve next problem in Figure 12 (M=2.26, SD=0.96). In Portal 
2, the Player have to get the cube from one room first and then get to the next room 
for leave the cube to open the gate and escape from the next door (M=2.53, 
SD=1.47). 
 
 
Figure 12: Braid Wide Focus Activities 
Striving Activities 
Both games are high in striving activities that participants encountered 
obstacles while completing tasks in the game. In Braid, the player cannot get the key 
in the small place, because there is too small for Tim (M=5.53,SD=0.68). In Portal 2, 
the player dies from the enemies before find the way to escape from the portal 
(M=5.05, SD=1.18). 
Concrete Focus Activities 
While focused concretely on the task at hand, participants talks about the 
qualities of the materials, objects or attributes of the game world. In Braid, the player 
said about the qualities of the materials, objects or attributes of the game world 
―Shift button is very useful...‖ ―The game is look like easy but not easy‖ (M=5.37, 
SD=1.80). In Portal 2, the player said ―The game look like the movie‖ (M=6.1, 
SD=1.24).   
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Concept Identification Activities 
Concept identification refers to the selections of problem solving solution, for 
example participants have an abrupt change in activity designed to help complete a 
game task. The result shows both game are low. In Braid, the player cannot solve the 
whole jigsaw then has an abrupt change in activity designed to help complete a task 
change by doing other action for getting ideas (M=0.74, SD=1.02). In Portal 2, the 
player cannot complete task then go to main menu and find the early level to play 
(M=0.74, SD=1.09). 
DISCUSSION AND CONCLUSIONS 
The research identified the key specific components of puzzle computer game 
experiences that may be measured to assess a game‘s potential for supporting 
creative activity. The example activities in I-Fluid and Portal 2 show an important 
part in the generation of an acceptable solution in terms of domain-relevant skills 
through exhibited uncertainty, assuredness, and difficulty activities. Engaging in 
playful Braid and Portal 2 game play activities; including wide focus, striving, 
concrete focus and concept identification activities can have a positive effect that 
influences the active engagement of creativity-relevant processes. Task motivation 
influences the quantity of ideas through set breaking, pace, planning, playfulness, 
exploration, enjoyment and concentration activities as shown in Portal 2 and Braid 
activities. The creative potential prediction involves the relationship between task 
creativity within a knowledge domain and the effect of intrinsic motivation on the 
process.  
The task motivation factor includes involvement, stability, set breaking, pace, 
planning, playfulness, exploration, enjoyment and concentration are high. These 
activities contributed to the practices that refer to participants are motivated by their 
feeling of positive challenge in problem solving. Domain skill activities in three 
games show high exhibited uncertainty, assuredness and difficulty activities. These 
skills refer to familiarity with factual knowledge for solving problems in the domain. 
Knowledge of a particular domain influences the evaluation process in creative 
potential processes.  Creativity-relevant skill component includes wide focus, 
striving, concrete focus and concept identification that refer to ability to break set 
during problem solving. These activities are low which means puzzle game play that 
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refer to ability to break set during problem solving are low. The activities may 
influence other game play genre. The puzzle game play integrated into strong story-
lines that may not provide break set while completing the progressive game tasks.  
The results show the significant domain skill difference between Portal 2 and 
Braid; these games have different mechanics, goals and setting. Portal 2 has a high 
mean of task motivation and domain-relevant skills and low creativity-relevant skills. 
Braid has a high mean of creativity-relevant skills and low task motivation and 
domain-relevant skills. The results will enable the relationship between games 
mechanics to be examined through creative components in the future work. 
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STATEMENT OF CONTRIBUTION 
The paper contributes to the research project through an analysis of creative 
behaviour during game play and the more general player experience (RQ3). The 
paper investigates the relationship between creative components of specific games 
and the player experience that results from these games as measured by the Player 
Experience of Need Satisfaction (PENS).  
PREAMBLE 
This paper focuses on research question 3 to examine the relationship between 
creative activity during game play and the player experience. Previous papers have 
established the extent to which creative activity occurs within the three puzzle 
games, Portal 2, I-Fluid and Braid, which have been used throughout this thesis. This 
paper examines the reported player experience of participants who played each of 
these games and examines the relationship between player experience and creative 
components. Player experience was measured using the Player Experience of Need 
Satisfaction (PENS), and the following sub-scales of the survey were used in the 
thesis study: competence, autonomy, intuitive controls and presence. Our analysis 
indicates that there may be relationship between player experience and engagement 
in creative activity, with Portal 2 engendering feelings of competence, autonomy, 
intuitive control and presence/immersion at greater levels than either Braid or I-
Fluid. As outlined in previous papers, behavioural analysis demonstrated the level of 
task motivation and domain-relevant skills are also highest in this game.   
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ABSTRACT  
This paper analyses the relationship of creative behavioural experiences by 
assessing the action-taking place within the game tasks. The research approach 
applies a behavioural and verbal protocol to analyse the factors that influence the 
creative processes used by people as they play computer games from the puzzle 
genre and to examine player experiences with the Player Experience of Need 
Satisfaction (PENS) survey. Creative behavioural potential is measured by 
examining task motivation and domain-relevant and creativity-relevant skills. This 
paper focuses on the effects of creativity components through player experiences; 
competency, autonomy, intuitive controls and presence. The player experiences are 
influenced with the most complex of game play interactions. The findings show that 
creative puzzle game play activities may influence the player experience of creative 
potential.  
KEYWORDS 
Creative Potential; Game play; Game Interactions; PENS; Task Motivation; 
Domain-relevant skills; Creativity-relevant skills  
INTRODUCTION  
Increasingly, computer game play is an important leisure activity for many 
people. The dramatic growth of gaming as entertainment and the pervasive quality of 
the game play experiences, has led to a need to better understand the phenomena. 
Much of the research in this area has focused on the negative (e.g. game addiction), 
and only recently have researchers begun to examine the positive consequences of 
game play experiences. While there has been significant growth in game-based 
learning research in the past two decades (e.g. Prensky (Przybylski et al., 2010), 
Habgood (Habgood and Ainsworth, 2011)), this research tends to focus on games 
that have been specifically designed for educational purposes. The positive benefits 
of commercial games primarily designed for entertainment purposes, have only 
recently become a focus within the games research community (e.g. well-being 
(Takatalo et al., 2010), mood (Russoniello et al., 2009) and cognitive reasoning 
(Spence and Feng, 2010).  
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     The research presented here examines the creative processes the people 
engage in while playing computer games and the impact that creative game play has 
on the game play experience. The aim of our research is to understand the 
relationship between demonstrated in-game creative activity and a player‘s 
experience of and engagement with the game. While previous research has examined 
computer game play in relation to personal creative traits (Catala et al., 2012), our 
research examines the effect that creative processes have on the gaming experience. 
Creative thinking processes have been shown to be a key element in helping people 
to solve problems (Ruscio et al., 1998). These processes are the result of sustained 
and complex mental effort (Santanen et al., 2002a). In examining the interplay 
between creative game play and the play experience more generally, our research 
seeks to understand the impact that this kind of effortful thinking has on enjoyment 
and motivation. Specifically, the research reported in this paper examines how 
creative game play processes impact on game play experience as measured by the 
Player Experience of Need Satisfaction (PENS) survey. Creative process within 
games is assessed using a creative potential measure development (Inchamnan et al., 
2012). 
CREATIVE POTENTIAL OF COMPUTER GAMES 
Computer games have contributed to the practice of enhancing problem-based 
learning processes. The experiences that occur in computer games may enhance 
creative processes (Yee Leng et al., 2010). Games support the development of 
critical thinking through visualization, experimentation and creativity (Amory, 
2007). Game elements may provide a problem solving experience as players break 
down tasks, engage meta-cognitive skills and think critically (Turcsányi-Szabó et al., 
2006). Games offer an opportunity to explore new ideas and actions through the 
diverse game play opportunities generated by communities of players. Game 
experiences that are active and provide intrinsic motivation have great potential to 
support creative processes (Paras and Bizzocchi, 2005). Divergent and convergent 
thinking are core elements of the creative process. Divergent thinking is important 
for idea generation (Amabile, 1996), and necessary to produce many alternative 
solutions to the problem (Gordon, 1961). Creative ideas result from the novel 
combination of two or more ideas that have been freed from their normal links 
(Spearman, 1930). Convergent thinking as a creative process occurs in the idea 
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validation stage (Amabile, 1996). It allows an individual to select the correct way to 
approach the task at hand (Sviderskaya, 2011), with the ability to select a single 
response from a series of alternatives (Clark et al., 1965). Based on the review of the 
literature, creative potential for this study is defined in terms of: 
 Sensitivity to problems; 
 The process of finding appropriate solutions through the exploration of 
multiple paths; 
 Motivations of curiosity, discrepancies and gaps in knowledge to drive 
the creative problem solving process; and 
 The process of evaluating solutions and settling on the most appropriate 
for the given problem space. 
The componential model of creativity describes the ways in which we enter 
into stages of the creative activity. The componential framework of creativity has 
problem solving at its core and includes three major components: domain-relevant 
skills, creativity-relevant skills and task motivation (Amabile, 1983). As people solve 
problems they generate response possibilities from an array of available pathways 
and explore the environment to determine the best solution. Domain knowledge 
plays an important part in the generation of an acceptable solution. Engaging in 
playful activities or fantasy can have a positive effect that influences the active 
engagement of creativity-relevant processes (Amabile, 1996). Creative-relevant 
skills influence the quality of the ideas produced and task motivation influences the 
quantity of ideas (Amabile, 1983);(Amabile, 1989);(Amabile, 1996). The three 
components are crucial characteristics of a creative process. In seeking to understand 
the creativity, El-Murad and West (El-Murad and West, 2004) adopted a similar 
approach to Amabile's work. Amabile emphasizes aspects of managerial practice that 
affect creativity. The componential framework of creativity (Amabile, 1989) has 
problem solving at its core and includes three major components: domain-relevant 
skills, creativity-relevant skills and task motivation. 
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A METHOD FOR MEASURING THE CREATIVE POTENTIAL OF 
COMPUTER GAMES 
Designing an assessment lens for creative processes requires analysis and 
interpretation of existing measures. Behavioural assessment allows for the analysis 
of creativity from a divergent thinking and convergent thinking perspective. The 
measurement can be used in the identification and development of creative potential 
(Schaefer, 1969). The method we consider focuses on behavioural observation and 
verbal protocol analysis during creative activity (Kaufman et al., 2011);(Ruscio et 
al., 1998). Measurement of creative potential involves examining the relationship 
between tasks, from both a domain skill and creative skill perspective, and the effect 
of intrinsic motivation (Ruscio et al., 1998). It has been used previously to measure 
creativity in structure building activities, collage making and poem writing. The 
research yielded a specification of particular task behaviours that strongly predict 
creativity. In addition, analysis of the verbal protocol yielded process measures that 
were strongly related to creativity (Ruscio et al., 1998). The creative potential may 
be determined by examining the relationship between skills required and the effect of 
intrinsic motivation within game play activities (Inchamnan et al., 2012).  
PLAYER EXPERIENCES 
Within this research project measurement of player experience is based on self-
determination theory (SDT). SDT is primarily concerned with the potential of social 
contexts to provide experiences that satisfy universal needs in people. As an 
approach to motivation, it defines three key needs associated with positive processes 
of self-motivation and personal integration (Ryan and Deci, 2000). These needs are 
competence (sense of efficacy), autonomy (volition and personal agency) and 
relatedness (social connectedness).  
The Player Experience of Need Satisfaction (PENS) 
SDT has been successfully applied in research on sports, education and leisure 
domains. Przybylski, Rigby and Ryan (Przybylski et al., 2010) (Przybylski et al., 
2010) applied SDT to video game player motivations. They explored how video 
games fulfil or thwart psychological needs and thus promote or discourage sustained 
engagement and either positive or negative outcomes for players . Based on SDT and 
other relevant theories (e.g., presence), Przybylski and colleagues developed the 
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Player Experience of Need Satisfaction (PENS) measure, which assesses the play 
experience in terms of competence, autonomy, relatedness, intuitive controls and 
presence/immersion (Ryan et al., 2006). To assess game experience we used the 21-
item PENS survey that consists of five dimensions: competency, autonomy, 
relatedness, presence, and intuitive controls. For this study we focused on 
competency, autonomy, presence and intuitive controls sub-scales. Each item 
consists of a statement on a seven-point scale ranging from 1 to 7.  
Puzzle Game play 
Games have potential to foster people‘s ability to communicate and interact 
during game play (Inal and Cagiltay, 2007). Playing games has a significant role in 
helping people to learn (Paras and Bizzocchi, 2005). Learning the rules of a game 
allows players to interact with game objects and avoid an environment of frustration 
and confusion. This learning experience allows players greater freedom in terms 
decision-making. The interactive experience with the game environment allows 
people to express their creativity and intentions (Sweetser and Johnson, 2004). 
Creating authentic and engaging gaming activities that incorporate educational 
content and processes may lead to new learning practices. The informal learning 
linked with games can provide a foundation for innovation which can be applied in a 
formal learning situation (Spikol and Milrad, 2008a). 
Game experiences that are active and provide intrinsic motivation have great 
potential to support learning processes (Paras and Bizzocchi, 2005). Importantly, 
prior creative activity can have a positive impact on learning, intrinsic motivation, 
and subsequent creativity (Amabile, 1996).  In the digital puzzle game, players must 
make a decision to act based on each available piece of information. The decision 
influences players‘ engagement. Engaging in playful activities or fantasy can have a 
positive effect that influences the active engagement of creativity-relevant processes 
(Amabile, 1996). The relationship between educational theory and game design 
appears to require appropriate puzzles integrated into strong story-lines where game 
technology is used to create an entertaining experience (Amory and Seagram, 2003). 
This experience may influence the puzzle game play. The puzzle game play is the 
physical and mental activities in the puzzles (Prensky, 2002). Then, this study 
focuses on the engagement in creative activity that is the result of individuals being 
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intrinsically motivated to interact, and the learning that occurs through positive 
experiences. 
METHOD 
In exploring the relationship between the uses of creative processes during 
game play and player experience, we decided to focus our study on three puzzle-
based games – Portal 2, I-Fluid and Braid. While these games have different 
mechanics, goals and settings, they all require the player to solve puzzles to progress 
through the game. They have all received largely positive reviews from game critics. 
Analysis involved examining the PENS subscales of competency, autonomy, 
intuitive control and presence as functions of and in relation to the creative process 
as measured by task motivation, domain-relevant skills and creativity-relevant 
skills). Player experience as measured by PENS was our dependent variable. We did 
not examine the PENS relatedness sub-scale, as all games were played individually. 
Game task behaviours and verbalizations were coded to obtain empirical indices of 
the creative processes in which game players were engaged. 
Participants 
Nineteen participants were involved in the study; six were female and 13 were 
male. Their ages ranged from 18 to 34 (M= 23.79, SD= 4.35). Most participants 
were familiar with playing games with 52.6% indicating that they played games 
daily, 15.8% several times a week, 15.8% once a week, 5.3% once a month; 10.5% 
indicated that they do not play videogames. 
Procedure 
Participation in the study involved being observed while playing the three 
selected games: Portal 2, Braid and I-Fluid. The order in which players were 
presented with the games was varied to avoid order effects. Each participant was 
engaged in game play for approximately 45 minutes in total, playing each game for 
15 minutes. This amount of time playing each game has been shown to be sufficient 
for proving a good assessment of a game play experience (Przybylski et al., 2012a). 
To examine the creative process, participants were video recorded while playing the 
games. A video coding scheme was used to capture the type and frequency of 
observable behaviours and verbalizations for each participant video. This coding 
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scheme is based on the measures developed for analysing creative process 
(Inchamnan et al., 2012).  
RESULTS 
 
Figure 13:  Mean of PENS for each game 
Using the medium as a cut-off, creativity components of task motivation, 
domain-relevant skills and creativity-relevant skills were classified as high or low for 
each of the games. A series of one-way analyses of variance (ANOVAs) were 
conducted, with the creativity component groups serving as independent variables 
and each sub-scale of PENS serving as the dependent variable. Figure 13 shows the 
comparison of average scores for PENS: competence, autonomy, intuitive control 
and presence for each game. In Portal 2, the level all of four sub scale is highest. 
Braid is the lowest of competence, autonomy and presence, while the intuitive 
control is higher than I-Fluid in comparison. I-Fluid is the average for all sub scale 
and has lowest in terms of intuitive control.  
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Table 9: The significant mean differences of PENS scores across creative 
components ranking 
 
Figure 14:  Creative Potential Components for each game 
The competence scale aims to measure the participants‘ perception of whether 
the game requires competency (Ryan et al., 2006). The Table 10 results show a 
significant (α < .05) effect of creativity components in terms of task motivation, 
domain-relevant skill and creativity-relevant skill levels for competency measuring. 
Significant pair-wise comparisons, Portal 2 player experience were significantly 
better than I-Fluid experience. The autonomy scale aims to assess the degree to 
which participants felt free, and perceived opportunities to do activities that interest 
players (Ryan et al., 2006). The results in Table 1 show a significant (α < .05) Portal 
2 player experience were significantly better than I-Fluid experience. The intuitive 
control scale aims to assess the degree to which participants control their character‘s 
Measure Game 1 Game 2 Diff Std. Error        p 
Competence Portal 2 I-Fluid .733 .248      .011 
Autonomy Portal 2 Braid 1.062 .482      .046 
Intuitive 
Control 
Portal 2 I-Fluid 1.139 .280      .001 
Presence 
Portal 2 I-Fluid 1.251 .306      .001 
Portal 2 Braid 1.026 .258      .002 
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actions in the game environment (Ryan et al., 2006). These results show a significant 
(α < .05) Portal 2 player experience were significantly better than I-Fluid experience. 
The presence scale develops to measure a sense of immersion in the gaming 
environment (Ryan et al., 2006). These results show a significant (α < .05) effect 
Portal 2 were significantly better than I-Fluid and Braid experiences. 
Figure 14 shows the comparison of average scores for creativity components: 
task motivation, domain-relevant skills and creativity-relevant skills for each game. 
In Portal 2, the level of task motivation and domain skill are highest. Braid is the 
highest domain-relevant skills level. 
CONCLUSIONS AND FUTURE RESEARCH 
Our analysis of the three games, Portal 2, Braid and I-Fluid, demonstrates that 
Portal 2 engenders feelings of competence, autonomy, intuitive control and 
presence/immersion at greater levels than either Braid or I-Fluid, while the level of 
domain-relevant are lower. However, Braid is the highest domain-relevant skills 
level.  Our findings suggest that player experience, as reported in our PENS surveys, 
reflects the relative ability for these games to engage participants in positive play 
experiences. Findings indicate that the impact of skill-based creative processes 
influence feelings of positive experiences, particularly with respect to competence, 
autonomy, intuitive control and presence, is a noteworthy finding. The findings show 
that creative puzzle game play activities may influence the player experience of 
creative potential through game play experience. The impact of high task motivation 
and domain skill through Portal 2 game play influenced high feeling of player 
experiences. Future work will explore creativity in game play process more detail in 
puzzle genre elements. The deconstruction game elements will guide game designers 
in the creation of games to facilitate people‘s creative thinking skills. The knowledge 
generated through this research will assist in adding a new and helpful educational 
dimension to either educational or traditional commercial games. This understanding 
of the ways in which games facilitate creative thinking will be used to create a 
framework for designing new gaming experiences. The framework will identify 
crucial characteristics of the creative process that emerge throughout the process of 
playing games and map puzzle game play elements to components of the creative 
process. The design framework produced will guide game designers in the creation 
of games to facilitate people‘s creative thinking skills. 
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Literature Review - Elements of Game play 
While current research demonstrates the effectiveness of games in facilitating 
creativity, no studies have examined the relationship between particular game design 
elements and creative problem solving. This research will address this gap by 
examining the specific elements of games that support creativity during game play 
and producing a design framework for facilitating components of creative thinking. 
FACILITATING CREATIVE THINKING THROUGH GAME DESIGN 
Games significantly extend the range of experiences available to a person. Game 
experiences create engagement and grab the player‘s attention and influence a 
player‘s emotions. According to Scoresby and Shelton (2011), a computer game 
environment creates motivation through emotionally linking the player to the 
content. Motivation can be defined as the set of game characteristics that prompt a 
player to realise specific actions and continue the game task until a goal is achieved 
(González Sánchez et al., 2009). 
The game defines the interplay between a player‘s actions, choices, and 
feedback, and creates a series of internal sensations (Lazzaro, 2009). Player 
experiences are influenced by game playability in terms of effectiveness, efficiency 
and satisfaction (Sánchez et al., 2009). Playability is affected by the quality of the 
storyline, game responsiveness, usability, control, intensity of interaction, intricacy 
and strategy (González Sánchez et al., 2009). Game mechanics provide the gamers 
the rules, rewards of action and the choices.  
The question of how to analyse game elements is complex. To gain an 
understanding of the creative processes during game play it is important to have a 
better understanding of the gamers‘ experience by decomposing games using game-
related criteria. This study attempts to understand how players interact with the 
game. Game play is about overcoming problems as players work through the game 
interface and mechanics to engage in the fun of creatively solving problems 
presented in the game (Clanton, 1998).  
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GAME PLAY AND CREATIVE PROBLEM SOLVING 
Game play consists of challenges and actions that a game offers the player as 
they solve those problems. As players engage in solving problems during game play 
they perform actions and evaluate the results of their actions. The player must face 
challenges to achieve the objective of the game (Adams, 2010). The creative 
potential of a game may be facilitated by the challenges that players face, the actions 
available to them, and the ability to affectively assess progress towards achieving a 
goal. The author has found Norman‘s (1986) seven stages of action useful for 
identifying how to deconstruct the game activities that players engage in during 
creative problem solving (Norman, 1986). Norman‘s seven stages of action were 
developed to support the design of more usable systems through identifying that 
challenges that people face in performing actions to meet a particular goal (which he 
labelled the Gulf of Execution) and the barriers that make it difficult to assess the 
effectiveness of the action performed (which he labelled the Gulf of Evaluation). 
While other models and theories of human-computer interaction have been proposed, 
for example Activity Theory (Nardi, 1995)  and Situated Action (Suchman, 1987), 
the Seven Stages of Action is useful within the context of this thesis as it maps well 
to the process of game play where players are repeatedly performing actions and 
assessing feedback to meet system-specified challenges. These processes underpin a 
game‘s mechanic at the same time they have the potential to facilitate task 
motivation, domain-relevant skills and creativity-relevant skills.   
 
 
 
 
 
 
 
 
 
 
Figure 15: Based on Norman worked, (Norman, 1986) the stages of player activities 
involved in the performance of the task. 
Goals 
Action Interpretation 
Gameplay 
(System) 
Evaluation 
Perception 
Intention 
Control 
(Execution) 
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 Figure 15 shows the stages of player activity involved in the performance of 
game tasks. Adapting Norman‘s stages of action (Norman, 1986), the primary goal 
of game play is to move towards a goal by working through seven stages of activity:  
- Establishing the goal 
- Forming the intention 
- Specifying the action 
- Executing the action 
- Perceiving the system stage 
- Interpreting stage 
- Evaluating system stage with respect to the goals and intentions 
(Norman, 1986).  
A goal is the state the person wishes to achieve within a game (e.g. collect a 
puzzle piece) and specifying the action sequence is representative of the player 
intention to act to achieve this goal. The intention might be to get beyond an enemy 
to get closer to the puzzle piece and a player must then convert this intention into a 
potential action sequence (e.g., defeat the enemy by stomping on it, and move along 
the platform). The player needs to then determine what control mechanisms will 
yield that result (e.g., moving and jumping) and what physical manipulation (e.g., 
key presses, controller input) is required. This results in action execution.  
Assessing the effect of the action requires three stages: perceiving the system 
state, interpreting the state, and evaluating the interpreted state with respect to the 
original goals and intentions (Norman and Draper, 1986). In the example being used, 
a player assess if the player character has moved (perceiving), interpret that this 
movement has brought the character closer to the puzzle piece and the enemy 
(interpretation), and the he or she is now in a position to attempt to defeat the enemy 
(evaluation).   
These steps can be mapped to the core mechanics of a game. A game's core 
mechanic is the set of essential interactions which a player repeats during play 
(Campbell et al., 2008). Fundamental game play challenges are implemented through 
these core mechanics (Adams, 2010) and the level of challenge provides the 
incentive for players to gain knowledge and experience. Core mechanics formalize 
interactions and are created through the implementation of game rules. A game can 
be considered a system that embeds rules that people experience through the play 
experience (Salen and Zimmerman, 2004). Players translate goals conceived in 
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psychological terms to actions suitable for the system (Norman and Draper, 1986). 
The game interface presents challenges to the player (output from the game) and 
accepts actions from the player (input to the game) (Adams, 2010). The following 
sub-sections focus on in-game player activity in terms of this series of actions: goals, 
action and interaction, and interpretation.  
Goals 
For players goal achievement is the core vehicle for action in within a game 
(Oxland, 2004). The game as a system is based on creating opportunities for players 
to achieve goals. These goals can be simple or complex and they may consist of sub-
goals. Goals help maintain engagement and this engagement provides motivation for 
the player to gradually progress through a game (McGinnis et al., 2008). Acquisition 
of a goal relies on the interplay between the action and the outcome. Performance 
relies on ability to identify and execute the necessary action (Dickinson and Balleine, 
1994). Goals help players understand their progress and visualize the impact of their 
actions thereby providing the motivation to continue playing. Goals help maintain 
engagement. Positive feelings and a sense of competence emerge when players are 
successfully able to reach goals after overcoming obstacles (Takatalo et al., 2010). 
Within the magic circle (McGinnis et al., 2008) a game is governed by rules that 
describe the boundary of the game and it is these rules delineate goals. Players 
develop an understanding of how they can approach goals through understanding the 
rules that are embedded in the underlying game mechanics. This process creates the 
challenges that engage players and provide the motivation for gradually progressing 
through a game.  
Goals and challenges within games are closely connected; striving to achieve a 
goal often embodies a level of challenge. Engagement during game play emerges 
from the development demanding yet achievable challenges and experiences within 
the game world (McGinnis et al., 2008). A well designed game provides the player 
with a series of short-term goals with complexities that may create challenge and 
encourage continued play. The level of challenge provided within games has be 
capacity to produce many different kinds of player emotions (Lazzaro, 2009). 
According to Loveless (2002), engagement relies on players having the ability to 
acknowledge risk and uncertainty within challenges (Loveless, 2002). In such an 
environment an individual is likely to spend more time and effort to explore ideas 
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and try different strategies in order to solve a problem (Warr and O'Neill, 2005).  
Action and Interaction 
In establishing the connections between actions and goal requirements, the player 
must rely on knowledge about how to approach a task (Norman and Draper, 1986). 
Game designers employ process involving an iterative sequence of modifications to 
the rules and subsequent behaviours within games to address the need for players to 
affectively work towards goals (Salen, 2007). The rules specify what actions the 
players may take to overcome the challenges and achieve the goals of the game 
(Adams, 2010). Actions are meaningful subcomponents in the larger picture of the 
game and answer the question ―What can the players do‖ (Schell, 2008). Game play 
is fundamentally the allowable actions and interactions of the player (Sweetser, 
2008).  
Performing action requires skill from the player. Skills are enhanced as a player 
learns to play the game (González Sánchez et al., 2009) and are demonstrated 
continuously as a function of how the player engages with the game. Games should 
be sufficiently challenging and match the player‘s perceived skill level 
(Csikszentmihalyi and Csikszentmihalyi, 1975, Scoresby and Shelton, 2011). Skill 
level affects how a player addresses game challenges to reach the different objectives 
and rewards (González Sánchez et al., 2009), and may be available through prior 
knowledge of, and experience with, the game. An enjoyable activity typically 
involves a person‘s physical, sensory, or intellectual skills (Csikszentmihalyi and 
Csikszentmihalyi, 1975) and games are designed to engage skills in each of these 
categories.  
Skill underpins a player‘s capacity to understand and master the game‘s system 
and mechanics. Enabling players to learn the rules of the game allows them to 
interact with game objects and avoid an environment of frustration and confusion. 
New information is more readily acquired and knowledge structures are well 
connected when the cognitive load is low (Bellotti et al., 2009). However, games 
with simple actions mapping to goals may result in boredom as players progress 
through the game (McGinnis et al., 2008). The structure of games needs to be 
designed to provide players with more complex tasks that are interconnected and 
related to the overall goal (McGinnis et al., 2008). Games must support player skill 
development and mastery. Such mastery allows game fluency to develop and in turn 
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provides opportunities for players to express themselves creatively and innovatively 
(Nourbakhsh, 2009).  
Game difficulty is an important characteristic related to players feeling of 
competence. The concept relates to players‘ skills and how long they have been 
playing (González Sánchez et al., 2009). Difficulty may be perceived by a player as 
high or low depending on the steepness of a game‘s learning curve. Importantly, the 
game needs to unfold for players in a way that they understand well enough to 
continue to explore the game (Desurvire and Wiberg, 2010). In terms of balancing 
difficulty, game designers should develop a positive player experience by using the 
first level and tutorials (Desurvire and Wiberg, 2010). Good game design will result 
in the player needing successively less time to improve their abilities to achieve the 
objectives (González Sánchez et al., 2009). 
Freedom of choice and perceived opportunities to do activities that are of interest 
sit at the core of motivation, which in turn impacts on engagement in creative 
processes (Ruscio et al., 1998). Choice promotes the experience of autonomy that 
enhances intrinsic motivation and engagement in specific behaviours (Roemmich et 
al., 2011). The choices available within a game can generate a number of paths for 
solving a problem. The choice provided within game activity (often expressed within 
challenges or goals) allows players to engage meta-cognitive skills and critical 
thinking skills.  
Control is achieved through game mechanics that allow players to act freely 
based on their own aspirations and choose when and where to start or stop a game 
(Song and Zhang, 2008). Self-direction, through feelings of control, is a powerful 
means of exploration and learning (Lepper, 1985). Feeling in control facilitates the 
fluency phenomena: an ability to achieve goals, positive feelings and a sense of 
competence. Although, the immersive game experience should reduce concern for 
self and sense of time, players should feel a sense of control over the tasks they 
complete (Sweetser and Wyeth, 2005). The freedom and control to practice within a 
game environment provides players with the opportunity to play and solve problems 
in their own way and with a variety of choices (Sweetser and Johnson, 2004). 
One of the goals of game design is to make the interface easy to learn, use and 
master (Omar and Jaafar, 2008). The game interface is the mechanism through which 
the player interacts with a game; the mechanism of enabling player control. Game 
experiences should provide a suite of cognitive exercises that are robust and easy-to-
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use (Jimison et al., 2008). Usability in games deals with interface design that offers 
the player an intuitive and easy way to control the game (Federoff, 2002). According 
to Song and Zhang (2008), the game interface should be concise and provide layers 
of system guidance that support engagement and immersion. Usability of the 
interface is necessary to ensure that specified users are able to achieve goals in a 
particular environment (Omar and Jaafar, 2008). Thus, feeling in control facilitates 
an ability to practice problem-based learning processes. This supports the 
development of critical thinking and the ability to break down tasks, and engage 
meta-cognitive skills and decision making skills.  
Interpretation 
Game play involves players performing actions and assessing the outcomes. It is 
through interpreting and reflecting upon feedback within a game that players refine 
their behaviours. Interpretation of a game state stems from the visual representation 
that is the result of an application of the game rules within a given situation. In order 
to evaluate whether a game goal or sub-goal has been achieved, some kind of 
cognitive processing needs to occur (Norman and Draper, 1986). Players develop the 
ability to assess their achievements by perceiving outcomes and interpreting 
feedback (Malone, 1981). They reflect on many experiences in games based on their 
interactions with the environment. Players examine how their experiences have 
impacted on the world, and their perception of the game develops from prior 
knowledge and experiences (Kiili, 2005).  
Perception is the first step that occurs after an action has been executed and the 
rules of the game respond with some system output. Both visual and auditory output 
is important as a mechanism to make players aware of changes that have occurred 
within the game environment. Interpretation follows (Norman and Draper, 1986) 
allowing players to assess the extent to which they have achieved their goals. Good 
feedback from the game system is essential to this interpretation and evaluation 
process. When the system responds to player action, the player must interpret the 
output, translating the physical display of the game interface (Norman and Draper, 
1986). 
The main elements of a game system are illustrated in Figure 16. According to 
McGinnis et al. (2008) engagement is supported by the interactive feedback loop. 
Feedback helps players address challenges through supporting a process of trial and 
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error. It allows players to interact without significant fear of repercussions, 
effectively providing an environment for them to learning without serious 
consequence (Gee in (McGinnis et al., 2008)). Players may therefore be comfortable 
exploring response possibilities and generating ideas to solve the problems. Safe 
environments provide positive feedback and frequent diagnostic assessment 
(Amabile, 1996). Within game environments feedback allows patterns of errors to 
emerge. Rapidity of feedback and continual representation of progress allows player 
to make use of perceptual facilitates in evaluating the outcome of actions (Hutchins 
et al., 1985).  
Thus, in-game player activity in terms of this series of actions: goals, action and 
interaction, and interpretation offer the player as they solve those problems.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16 : Player and game closed loop system within a magic circle (McGinnis et 
al., 2008).  
The reflection enabled through feedback supports the construction of schemata 
that enable the discovery of skills and the formulation of good problem solutions 
(Kiili, 2005). Interestingly, game may produce outcomes that are based on chance 
and randomness (Salen and Zimmerman, 2004) and enjoyment can stem from 
unexpected occurrences and the unpredictability which comes with game play. As a 
complex system game behaviour emerges as a function of rules, but the results of 
rules working in combination might not be clear to players. Within many games 
there is also the opportunity to randomly try out actions, without the need for deep 
reflection or assessment of the outcome (Kiili, 2005). However, to achieve goals and 
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progress successfully through the game, interpretation, evaluation and reflection are 
required. Through observing the interplay between actions and outcomes in games 
players may develop an understanding which is of relevance to within the game‘s 
problem solving context (Lepper, 1985).   
We consider game goals and challenges in the way that Norman (Norman and 
Draper, 1986)describes activity goals. Action and interaction embody the ideas of 
developing an intention to act, action specification and execution. Interpretation 
includes players perceiving and interpreting feedback, as well as their evaluation of 
that feedback. This study focuses on puzzle-based games that emphasize problem 
solving through logical thinking, strategy formulation and pattern recognition. 
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Research Approach Study 2 
In addition to investigating the player experience, the research method 
incorporates an expert analysis of the games used throughout the thesis. These games 
are deconstructed using Norman‘s (Norman, 1986) key stages of action to analyse 
the game elements that promote problem solving. A heuristic checklist was 
developed by game design experts for this purpose.  
The second stage adopts an expert review approach (Hill et al., 2005) to 
analyse the games used in stage 1 of the study. Identifying creative product as game 
elements can utilised an expert opinion approach (El-Murad and West, 2004). The 
judges assess game elements using a 7-point Likert scale to indicate their level of 
agreement from strongly disagree to strongly agree relating to each statement 
provided within the game play evaluation checklist.  
The expert review involved a two stage process. The first step involved six PhD 
students with expertise in game design. They were involved in a workshop designed 
to identify the items used in the heuristic checklist. The expert reviewers used in 
study 2 were three PhD students at Queensland University of Technology completing 
research in the field of games and interactive entertainment. This stage of the study 
was also covered by an Ethical Clearance. A complete overview of how this study 
fits into the overall thesis approach can be found in Research Approach (page 21) 
and Figure 1. 
STUDY 2 APPROACH  
Study 2 examines the elements of games to determine which of these elements 
are important in fostering creativity (RQ3) (see Figure 17). A heuristic checklist, 
based on the literature reviews (Literature Review Chapter) and refined by game 
design experts, forms the basis of this study. Experts use the items in this checklist to 
analyse each of the games used in study 1. The items are structured into the 
categories identified in Paper 1 and Paper 2 Chapters as the key game processes that 
map to Norman‘s seven stages of action (Norman, 1986). This model of interaction 
is based on cognitive processes so is valuable in linking the elements of games that 
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support problem solving and the potential of games to provide opportunities for 
creative activity.  
 
 
Figure 17: The Steps Applied within the Consensual Assessment Technique of 
Game play. 
The initial set of heuristics resulted from an extensive literature review of 
previous sets of checklists in the field of game play (Koeffel et al., 2010), for 
example player feeling in control facilitates the fluency phenomena: an ability to 
achieve goals, positive feelings and a sense of competence (Sweetser and Wyeth, 
2005). Although, the immersive game experience should reduce concern for self and 
sense of time, players should feel a sense of control over the tasks they complete 
(Sweetser and Wyeth, 2005). The freedom and control to practice within a game 
environment provides players with the opportunity to play and solve problems in 
their own way and with a variety of choices (Sweetser and Johnson, 2004). 
Once a draft set of criteria were identified and categorised on the basis of 
whether they related to goals, actions or interpretations, six expert game designers 
(either researchers or PhD students) from the Games Research and Interaction 
Design lab at the Queensland University of Technology were involved in a workshop 
aimed at consolidating and refining the evaluation checklist. Expert review then 
involved three game design experts analyzing the three puzzle-based used throughout 
our study using the resultant checklist.  The checklist categories and resultant items 
are outlined in the following section. 
Formulate goal or sub-goal and 
develop plan for addresses the 
challenges involved in 
achieving the goal 
 
 Achieve goal 
 Succeed challenge 
Overcoming the challenges 
and achieving the goals of the 
game through identifying and 
executing appropriate actions  
 Do some action  
 Have physical control  
Assessing the outcome of 
an action and evaluating the 
extent to which a goal or 
sub-goal has been achieved 
 
 Perceive outcome 
 Interpret feedback 
 Evaluate goals 
end 
return 
 to 1 
1. Identify Goal 2. Do Meaningful 
Action 
3. Interpret 
Outcome 
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Study 2 Expert Evaluation Checklist 
The items in the expert evaluation checklist are divided into three categories: 
Identify Goals, Do Meaningful Action and Interpret Outcome (see  
 
Figure 17). Each of the items is designed to be assessed using a 7-point Likert 
scale. Experts indicate their level of agreement from strongly disagree to strongly 
agree relating to each statement provided within the game evaluation checklist. 
Goals 
To achieve goals (Mcginnis et al., 2008; Sweetser and Wyeth, 2005): 
 Primary goals have multiple components, are open-ended and/or are 
emergent, e.g. I can choose which non-playing characters I can help  
 Primary goals encourage the player to create their own combination of sub-
goals, e.g. I need to set my own practice schedule so I will be ready to battle 
the boss 
 Goals orient the player towards developing new skills, understanding, 
improving the level of competence, or achieving a level of mastery based on 
self-referenced standards, e.g. I am going to improve on my last lap time 
 The game provides a series of short-term goals with complexities built in 
 Goals of a game should be clear and presented at appropriate times  
 Narrative mechanisms such as events, travel and/or time allows players to 
understand their progress towards achieving goals. 
To succeed at a particular challenge: 
 Cognitive, logical thinking or strategic planning is the focus of the main 
challenges in the game 
 There are multiple types of scenarios/challenges made available in the game  
 The game provides new scenarios/challenges at an appropriate pace  
 The game allows the player to approach problems in their own way 
 The player adjusts challenge difficulty to match his/her level of competence   
 Challenges in games match a player‘s skill levels  
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 The game provides different levels of difficulty for different players  
 The level of challenge increases as the player progresses through the game 
and increases his/her skill level  
 The game allows the player to solve problems through a variety of choices  
 The scenarios and choices in the game are clearly related to the game 
narrative. 
Do Meaningful Action  
To engage in actions (Schell, 2008 ; Sweetser and Wyeth, 2005): 
 The game provides easily understood rules  
 Players develop an understanding of the rules using reasoning, observation, 
hypothesis testing and/or mental reflection 
 The rules allow the player to perform more than three different interactive 
actions at any one time to address a scenario  
 The rules allow the player to perform different methods or solutions to 
complete/solve a problem 
 The game provides the player with interesting options and choices  
 The game allows the player to experience freedom in the game 
 The game allows for player actions that impact on and shape the game world 
 The game‘s interface is easy to learn, use and master  
 Game actions provide a sense of control over characters, units, movements 
and/or interactions in the game world  
 Players discover the story of a game as part of game play  
 The actions available to the player work well with the story of the game. 
To have physical control:  
 The game has good input control   
 The game allows a sense of control over the game interface  
 The game minimises errors that are detrimental to the game play 
 The game supports players in recovering from errors  
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 Players should feel a sense of control over the actions that they take and the 
strategies that they use  
 Players are free to play the game the way that they want  
 The game increases the players‘ skills at an appropriate pace as they progress 
through the game. 
Interpret Outcomes 
To perceive outcomes (Rubinstein, 1991; Sweetser and Wyeth, 2005): 
  
 The game provides visual and/or audio output that allows the player to 
assess the state of game play at any given time  
 The game provides mechanisms for players to receive immediate 
feedback on their actions  
 The game allows the player to readily recognise the effect that their 
actions have had during game play 
 The game provides players with a sense that the system responds to 
their actions 
 Dramatic effects in the game are supported by game events. 
To interpret feedback:  
 Feedback on goal progression provides positive reinforcement or 
information which enhances free choice and self-awareness, e.g. 
Progression bar used to show goal progress 
 The game provides outcomes based on chance and randomness  
 Feedback of goal progression is continuous, e.g. progression bar, 
constantly updating to reflect the players performance  
 The game rewards players for their effort and skill development  
 The game provides players with feedback on progress toward their goals  
 The game‘s visual and/or audio output is consistent with game elements 
and the overarching setting and story 
 The game allows players to always know their status or score. 
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To evaluate goals:  
 The game allows players to evaluate the success of their actions based on 
outcomes of these actions 
 The game requires players to experiment with ideas and evaluate their 
effectiveness. 
Study Procedure 
The expert analysis involved experts playing each game for 30 minutes and 
assessed each item in the checklist. Each item was assessed using a 7-point Likert 
scale and the experts indicated their level of agreement from strongly disagree to 
strongly agree for each statement. Initial coding was conducted and discrepancies 
were addressed through a group meeting where items were discussed and refined in 
order to ensure the experts had a complete understanding of the checklist items and 
that they were clear and readily interpretable. Experts then re-evaluated each of the 
games, independently reassessing of each item.    
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PREAMBLE 
This chapter describes a method for analysing videogames based on game 
components and examines the impact of these components have on the activities that 
emerge and the player experience. The research approach applies a heuristic 
checklist that has been developed through a thorough review of the game design 
literature (see Literature Review - Elements of Game Play). It uses these heuristics to 
undertake an expert review of each of the three games used across the two studies 
undertaken for the thesis. This review provides an analysis game play tasks with a 
focus on problem solving activity, including working towards goals, actions and 
interaction to meet goals, and the interpretation of feedback to evaluate progress. The 
aim the study is to investigate the relationship between activity undertaken and 
player experience (RQ3) and to begin to consider how specific game design elements 
influence creative problem solving activity (RQ4). This later research question is 
examined in more detail in Paper 5.  
ABSTRACT 
This paper describes a method for analysing videogames based on game 
activities. It examines the impact of these activities on the player experience. The 
research approach applies heuristic checklists that deconstruct games in terms of 
cognitive processes that players engage in during game play (e.g., addressing goals, 
interpreting feedback). For this study we examined three puzzle games, Portal 2, I-
Fluid and Braid. The Player Experience of Need Satisfaction (PENS) survey is used 
to measure player experience following game play. Cognitive action provided within 
games is examined in light of reported player experiences to determine the extent to 
which these activities influence players‘ feelings of competence, autonomy, intuitive 
control and presence. Findings indicate that the positive experiences are directly 
influenced by game activity design. Our study also demonstrates the value of expert 
review in deconstructing game play activity as a means of providing direction for 
game design that enhances the player experience.    
GENERAL TERMS 
Experimentation, Human Factors; Design; Measurement 
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INTRODUCTION 
Increasingly, videogame play is an important leisure activity for many people. 
The dramatic growth of gaming as entertainment and the pervasive quality of the 
game play experiences, has led to a need to better understand the phenomena. Much 
of the research in this area has focused on the negative (e.g., game addiction), and 
only recently have researchers begun to examine the positive consequences of game 
play experiences. The positive benefits of commercial games primarily designed for 
entertainment purposes, have only recently become a focus within the games 
research community (e.g. well-being (Takatalo et al., 2010), mood (Russoniello et 
al., 2009) and cognitive reasoning (Spence and Feng, 2010)).  
The question of how, and in what contexts, interactions with games promote lasting 
engagement and immersion is an ongoing one. The aim of our research is to 
understand the relationship between demonstrated in-game game play activity and a 
player‘s experience of, and engagement with, the game. Specifically, the research 
reported in this paper examines how game play activities impact on player 
experience as measured by the Player Experience of Need Satisfaction (PENS) 
survey. Videogame experiences are examined in terms of action execution and 
evaluation. Norman‘s theory of action (Norman, 1986) is adapted to analyse of how 
cognitive action impacts on the game play experience.  Measuring the extent to 
which games support players in achieving goals, performing actions, and interpreting 
the state of the game world is a key aspect of the research. Enjoyment is a complex 
construct and this study is particularly focused how cognitive dimensions of 
interaction influence experience. 
The paper reports on a study of twenty-seven game players involved in playing 
three puzzle games. In the study game play activity has been examined to better 
understand how working towards achieving goals, controlling actions, analysing 
cause and effect, and evaluating outcomes impacts on a player‘s motivation. As 
cognitive action is the focus of this research, puzzle games with their focus on 
logical and/or conceptual problem solving, were selected as a practical starting point. 
Future studies will examine the applicability of our method to different game genres.  
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BACKGROUND 
The growth of research into the player experience in the past five years is 
evident with research covering player motivation and engagement, and the influence 
that game design has on player enjoyment (Przybylski et al., 2010);(Westwood and 
Griffiths, 2010). 
Player Motivation 
Recent research has identified motivation, in terms of cognitive processes, as 
playing a central role in the game play experience. Videogames are largely 
autonomous pursuits that create their own internal motivations for playing (Habgood 
and Ainsworth, 2011). Intrinsic motivation can be characterised by free choice, 
interest, optimal challenge, and psychological needs, such as effectance, personal 
causation, competence, autonomy, and social needs (Deci and Ryan, 1991). 
Motivation theories focus on people as problem solvers; notions such as curiosity, 
incongruity, and complexity; and concepts of perceived control and self-
determination (Lepper et al., 1997). 
In the early 1980‘s, Malone (Malone, 1981) identified three categories of 
individual motivations during game play: challenge, fantasy, and curiosity. This 
original theory was later expanded to add control as an individual motivation, as well 
as cooperation, competition, and recognition as interpersonal motivations (Malone, 
1987). Increasingly, the social components of game play are being explored as 
motivations for game play (e.g., (Wood et al., 2004);(Cole and Griffiths, 2007)). 
While intrinsic motivation is central to videogame play, research has also examined 
the influence of extrinsic motivation on the game play experience. The Work 
Preference Inventory developed by Amabile et al. has been used to measure both 
intrinsic and extrinsic motivation orientations of game players (Abuhamdeh and 
Csikszentmihalyi, 2009).  
Ryan, Rigby and Przybylski (Przybylski et al., 2010);(Ryan et al., 2006) have 
applied an established psychological theory – Self-Determination Theory (SDT) – to 
videogame player motivations. In this research project measurement of player 
experience is based on this theory. SDT is primarily concerned with the potential of 
social contexts to provide experiences that satisfy universal needs in people. As an 
approach to motivation, it defines three key needs associated with positive processes 
of self-motivation and personal integration (Ryan and Deci, 2000). These needs are 
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competence (sense of efficacy), autonomy (volition and personal agency) and 
relatedness (social connectedness).  
SDT has been successfully applied in research on sports, education and leisure 
domains. In applying SDT to videogame player motivations, Przybylski et al. 
(Przybylski et al., 2012b)examine how video games fulfill or thwart psychological 
needs and thus promote or discourage sustained engagement and either positive or 
negative outcomes for players (Przybylski et al., 2010). Based on SDT and other 
relevant theories (e.g., presence), Przybylski et al. developed the Player Experience 
of Need Satisfaction (PENS) measure, which assesses the play experience in terms of 
competence, autonomy, relatedness, intuitive controls and presence/immersion (Ryan 
et al., 2006). To assess game experience we used the 21-item PENS survey that 
consists of five dimensions: competency, autonomy, relatedness, presence, and 
intuitive controls. For this study we focused on competency, autonomy, presence and 
intuitive controls sub-scales.  
Game Design and Player Experience 
Games significantly extend the range of experiences available to a person. 
Enjoyable game experiences result from players being able to work through the game 
interface to become immersed in playful activity. The game environment is the 
medium that allows the player to achieve such an experience. The characteristics of 
the game form and content, in combination with characteristics of players, influence 
a player‘s feeling of presence (Lessiter et al., 2001) According to Scoresby and 
Shelton (Scoresby and Shelton, 2011), a computer game environment creates 
motivation through emotionally linking the player to the content. It is the interaction 
between sensory stimulation, environmental factors, and a player‘s internal 
tendencies that encourage involvement and enable immersion (Witmer and Singer, 
1998). 
Achieving a state of enjoyment or flow is dependent on activities that have 
clearly achievable goals and where the person understands the rules of interaction 
and feels in control (Csikszentmihalyi, 1975). It relies on a dynamic interaction 
between the skill and challenge levels offered by an activity (Csikszentmihalyi, 
1975);(Czikszentmihalyi, 1990). Expectations of personal efficacy determine our 
ability to perform effectively (Bandura, 1999). Manipulating the difficulty levels of 
simple videogames has been demonstrated to influence task fluency and absorption 
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in a game (Malone, 1981). Immersive flow experiences emerge when an ideal 
balance between level of ability and challenge is achieved.  
Malone and Lepper (Malone, 1987) identified heuristics for creating engaging 
experiences. These heuristics are based on features that make games fun and have 
been designed to motivate and engage. Habgood (Habgood and Ainsworth, 2011) 
has used these heuristics as the foundation for designing engaging educational 
games. Similarly GameFlow (Sweetser and Wyeth, 2005) is designed to identify 
elements of game environments that influence the player experience. Research has 
also explored how different people are motivated by different psycho-structural 
elements of games (Westwood and Griffiths, 2010). It builds on the structural 
features of games that might influence the play experience (Wood et al., 2004) and a 
taxonomy created by King et al. (King, 2009) that offers a psychological 
understanding of these structural features. 
Motivation can be defined as the set of game characteristics that prompt a player to 
realize specific actions and continue the game task until goal achievement (González 
Sánchez et al., 2009). The game defines the interplay between a player‘s actions, 
choices, and feedback, and creates a series of internal sensations (Lazzaro, 2009). 
Player experiences are influenced by game playability in terms of effectiveness, 
efficiency and satisfaction (Sánchez et al., 2009) and are affected by the quality of 
the storyline, game responsiveness, usability, control, strategy and intensity of 
interaction (González Sánchez et al., 2009). Game mechanics provide the game 
players with the goals of the game, the rules and rewards of action, and in-game 
choices.  
Game play and Theory of Action 
As people play games, patterns of behavior emerge. Player actions, their 
conduct in game play scenarios, as well as the consequences and relationships to 
other actions can be identified (Björk and HOLOPAINEN, 2005). Identification of 
action and event patterns in puzzle games will allow us to better understand and 
articulate in-game player behavior. Norman‘s Seven Stages of Action (Norman, 
1986) has been used to model human interactions with both physical and 
computational objects. This interaction driven model details the process of executing 
and evaluating actions enacted by a person to achieve a particular goal. The 
execution of actions involves the intention to act, the sequence of actions to be 
Paper 5: Motivation during Videogame Play: Analysing Player Experience in terms of Cognitive Action   129 
performed and the physical execution of that action sequence. The evaluation 
process, which can change the current goal, involves a person‘s perception of the 
world, the interpretation of that perception and an eventual evaluation of those 
perceptions (Norman, 1986). 
Game play consists of the challenges and actions that a game offers the player 
how to solve those problems. Central to the player experience are the challenges that 
a player must face to achieve game objectives and the actions the player is permitted 
to address those challenges (Adams, 2010). The core mechanic of a game contains 
the set of essential interactions which a player repeats during play (Campbell et al., 
2008). It is these core mechanics that are translated into game challenges (Adams, 
2010). Game interactions are formalized through the rules of a game and players 
experience this system through play activity (Salen and Zimmerman, 2004). They 
translate goals embedded through rules and mechanics to actions suitable for the 
system. Feedback from the game system allows players to assess the effectiveness of 
their actions.  
Our study focuses on deconstructing player activity from a cognitive 
perspective based on three key components – goals and challenges, action and 
interaction, and interpretation – that can be mapped to Norman‘s seven stages of 
action. We consider game goals and challenges in the way that Norman describes 
activity goals. Action and interaction embody the ideas of developing an intention to 
act, action specification and execution. Interpretation includes players perceiving and 
interpreting feedback, as well as their evaluation of that feedback. This study focuses 
on puzzle-based games that emphasize problem solving through logical thinking, 
strategy formulation and pattern recognition 0. 
GAME PLAY ACTIVTY CHECKLIST 
Based on the current literature we developed a checklist designed to be used by 
experts to deconstruct games based on the activities performed. These activities were 
categorized in terms of goals and challenges, action and interaction, and 
interpretation and were considered in relation to motivation theory and player 
experience. The checklist was refined using a two stage process.  
Firstly, the six participants, who were either PhD students or researchers in game 
design, were involved in brainstorming ideas related to items that could be 
considered in each category. They worked with an initial set of items and were 
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involved in categorizing them, assessing their appropriateness, and including new 
items.   
The second stage of the process involved three game design experts analyzing 
the three puzzle-based used throughout our study using the resultant checklist. The 
experts played each game for 30 minutes and then assessed each item in the checklist 
on a 7-point Likert scale. The scale indicates their level of agreement from strongly 
disagree to strongly agree relating to each statement provided within the game play 
activity checklist. Discrepancies were addressed through a group meeting where 
items were discussed and refined in order to ensure the experts had a complete 
understanding of the checklist items and that they were clear and readily 
interpretable. The checklist categories and resultant items are outlined in the 
following sub-sections. 
Goals and Challenges 
Goal achievement is the vehicle for actions in the game (Oxland, 2004). These 
goals can be simple or complex and they may consist of sub-goals. Goals help 
maintain engagement and this engagement provides motivation for the player to 
gradually progress through a game (McGinnis et al., 2008). The goals presented 
should consider the skill of a player. Skills refer to how players address game 
challenges to reach the different objectives and are enhanced as a player learns to 
play the game (González Sánchez et al., 2009).  
Goals and challenges within games are closely connected; striving to achieve a 
goal often embodies a level of challenge. Engagement during game play is delivered 
by achievable challenges and experiences within the game world (McGinnis et al., 
2008). Challenges must support player skill development and mastery. According to 
Loveless (Loveless, 2002), engagement relies on players having the ability to 
acknowledge risk and uncertainty within challenges. Games should be sufficiently 
challenging and match the player‘s perceived skill level (Csikszentmihalyi and 
Csikszentmihalyi, 1975);(Scoresby and Shelton, 2011).  
Action and Interaction 
The rules of a game specify what actions the players may take to overcome the 
challenges and achieve the goals of the game (Adams, 2010). Actions are meaningful 
in the larger picture of the game that the way to answer the question ―What can the 
players do‖ (Schell, 2008). Game play emerges from elements that allow player 
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action and interaction (Sweetser, 2008). 
Action underpins a player‘s capacity to understand and master the game‘s 
system and mechanics. Enabling players to learn the rules of the game allows them 
to interact with game objects and avoid frustration and confusion. A sense of 
competence emerges when players are successfully able to reach goals after 
overcoming obstacles (Takatalo et al., 2010). Game difficulty is an important 
characteristic to manage and directly impacts these feeling of competence. However, 
games with simple actions mapping to goals may result in boredom as players 
progress through the game (Bjork & Holopainen in (McGinnis et al., 2008)). 
Difficulty may be perceived by a player as high or low depending on the steepness of 
a game‘s learning curve (González Sánchez et al., 2009). One of the goals of game 
design is to make the game interface easy to learn, use and master (Omar and Jaafar, 
2008). The game interface is the mechanism through which the player interacts with 
a game; it is the mechanism of enabling player control. 
The choices available in a game can generate a number of paths for the player 
to follow. Choice promotes the experience of autonomy that enhances intrinsic 
motivation (Roemmich et al., 2011) and therefore game activity should provide 
meaningful choices to players.  
Control is achieved through game mechanics that allow players to act freely 
based on their own aspirations (Song and Zhang, 2008). Feeling in control facilitates 
the fluency phenomena: an ability to achieve goals generating positive feelings and a 
sense of competence (Sweetser and Wyeth, 2005). Although, the immersive game 
experience should reduce concern for self and sense of time, players should feel a 
sense of control over the tasks they complete (Sweetser and Wyeth, 2005). The 
freedom and control to practice within a game environment provides players with the 
opportunity to play and solve problems in their own way and with a variety of 
choices (Sweetser and Johnson, 2004). The interface should make game control 
intuitive for the player (Omar and Jaafar, 2008), allowing them to readily recover 
from problems and errors.  
Importantly, the game needs to unfold for players in a way that they understand 
well enough to continue to play the game and game designers should balance 
difficulty through including a tutorial level within the game (Desurvire and Wiberg, 
2010). Good game design will result in the player needing successively less time to 
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improve their abilities to achieve the game‘s objectives (González Sánchez et al., 
2009).  
Interpretation 
Game play involves players performing actions and assessing the outcomes. It 
is through interpreting and reflecting upon feedback within a game that players refine 
their behaviours. In order to evaluate whether a game goal or subgoal has been 
achieved, some kind of cognitive processing needs to occur (Norman and Draper, 
1986). The first step requires perceptual processing of game information. Both visual 
and auditory output is important as a mechanism to make players aware of changes 
that have occurred within the game environment.   
When the system responds as a game play, the player must interpret the output, 
translating the physical display of the game interface (Norman, 1986). This process 
is facilitated through high quality feedback. According to McGinnis et al. (McGinnis 
et al., 2008) player engagement is supported by the interactive feedback loop. The 
feedback helps players balance challenges through supporting a process of trial and 
error. Feedback allows players to interact without significant fear of repercussions, 
effectively providing learning without consequence (Gee in (McGinnis et al., 2008)). 
Players may therefore be comfortable exploring response possibilities and generating 
ideas to solve the problems. Safe environments provide positive feedback and 
frequent diagnostic assessment (Amabile, 1996). Within game environments 
feedback allows patterns of errors to emerge. Rapidity of feedback and continual 
representation of progress allows player to make use of perceptual facilitates in 
evaluating the outcome of actions (Hutchins et al., 1985).  
The reflection enabled through feedback supports the construction of schemata 
that help players work towards their goals (Kiili, 2005). Through observing the 
interplay between actions and outcomes in games players may develop an 
understanding which is of relevance to within the game‘s problem solving context 
(Lepper, 1985).  
ANALYSING PLAYER EXPERIENCE 
We report on a study designed to examine player experience during game play 
in terms of the cognitive activity provided by the game. In exploring the relationship 
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between the game play activities during game play and player experience, we 
decided to focus our study on three puzzle-based games – Portal 2, I-Fluid and Braid.  
The study involves two parts. First, we designed the game play activity 
checklist using the creative potential assessment method. The three expert reviewers 
analysed the games chosen for the study using the refined Game play Activity 
Checklist which deconstructs games in terms of goals and challenges, action and 
interaction and interpretation. Subsequently, we have averaged the scores provided 
by each reviewer after they had player each of the games.  
The second part of the study involved recruiting participants to play the chosen 
games. We then measured participant motivation to play these games. This data 
allows us to assess the extent to which game activity influences player motivation 
and to understand how differences in game design might result in differing player 
experiences.   
Participants  
A within-subject design was used where twenty-seven participants (22 % 
female, 78 % male) were involved in playing the puzzle games Portal 2, I-Fluid and 
Braid. Most participants are undergraduate (33%) and postgraduate (30%) university 
students. Participants had an average age of 25, and ages ranged from 18 to 51 (M = 
25.33, SD = 6.79). Just over 40% of players indicated that they played games daily; 
22.2% showed that they played games several times a week, and 18.5%, 7.4%, 3.7% 
indicated that they played games once a week, once a month and less than once a 
month respectively; 7.4% indicated they do not play videogames. 
Method 
Participants played approximately 45 minutes in total and completed a Player 
Experience Needs Satisfaction (PENS) questionnaire (Przybylski et al., 2012a) after 
of each game. They played each game for 15 minutes. The order in which players 
were presented with the games was varied to avoid order effects.  
PENS Measures 
To assess game experience we used the 21-item PENS survey that consists of 
five dimensions: competency, autonomy, relatedness, presence, and intuitive 
controls. The PENS survey is designed to explain the game play factors that lead to 
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enjoyable and meaningful player experiences (Ryan et al., 2006). Player experience 
as measured by PENS was our dependent variable. 
For this study we focused on competence, autonomy, presence and intuitive 
controls sub-scales. We did not examine the PENS relatedness sub-scale, as all 
games were played individually. Each item consists of a statement on a seven-point 
scale ranging from 1 to 7. Specific subscales are described below (Przybylski et al., 
2010).   
PENS: In game Competence. This scale measures participants‘ perception of 
competence during game play. Competence describes a player‘s need for challenge 
and feelings of effectance (Ryan et al., 2006). 
PENS: In game Autonomy. This scale assesses the degree to which participants feel 
freedom of choice and perceive opportunities to do activities that interest them. 
PENS: In game Presence. This scale measure a sense of immersion in the gaming 
environment and covers physical presence, emotional presence and narrative 
presence.  
PENS: In game Intuitive Control (IC). This scale assesses the degree to which 
participants feel they are able to control actions in the game environment. 
 
GAME PLAY ACTIVITY MEASURES 
Goals and Challenges 
The six items that are included that relate to achieving game goals are: 
 G1: Primary goals have multiple components, are open-ended and/or are 
emergent, e.g. I can choose which non-playing characters I can help. 
 G2: Primary goals encourage the player to create their own combination of 
sub-goals, e.g. I need to set my own practice schedule so I will be ready to 
battle the boss. 
 G3: Goals orient the player towards developing new skills, understanding, 
improving the level of competence, or achieving a level of mastery based on 
self-referenced standards, e.g. I am going to improve on my last lap time.  
 G4: The game provides a series of short-term goals with complexities built 
in. 
 G5: Primary goal of game should be clear and presented at appropriate times. 
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 G6: Narrative mechanisms such as events, travel and/or time allow players to 
understand their progress towards achieving primary goal. 
The ten items that are included that relate to game challenges are: 
 G7: Cognitive, logical thinking or strategic planning is the focus of the main 
challenges in the game. 
 G8: There are multiple types of scenarios/challenges made available in the 
game. 
 G9: The game provides new scenarios/challenges at an appropriate pace. 
 G10: The game allows the player to feel like they can perceive problems in 
their own way. 
 G11: Challenge difficulty is adjusted by the player to match his/her level of 
competence. 
 G12: Challenges in games match a player‘s skill levels. 
 G13: The game provides different levels of difficulty for different players. 
 G14: The level of difficulty increases as the player progresses through the 
game and increases his/her skill level. 
 G15: The game allows the player to solve problems through a variety of 
choices. 
 G16: The scenarios and choices in the game are clearly related to the game 
narrative. 
Action and Interaction 
The eleven items that are included that relate game performing actions are: 
 A1: The game provides easily understood rules. 
 A2: Players develop an understanding of the rules using reasoning, 
observation, hypothesis testing and/or mental reflection. 
 A3: The rules allow the player to perform more than three different 
interactive actions at any one time to address a scenario.  
 A4: The rules allow the player to perform different methods or solutions to 
complete/solve a problem. 
 A5: The game provides the player with interesting options and choices. 
 A6: The game allows the player to experience a lot of freedom in the game.  
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 A7: The game allows for player actions that impact on and shape the 
immediate game world.  
 A8: The game‘s interface is easy to learn, use and master. 
 A9: Game actions provide a sense of control over characters, units, 
movements and/or interactions in the game world (Sweetser and Wyeth, 
2005). 
 A10: Players discover the story of a game as part of game play. 
 A11: The actions available to the player work well with the context of the 
game. 
The seven items that are included that relate to having physical control are: 
 A12: The game has good input control.   
 A13: The game allows a sense of intuitive to use the game interface. 
 A14: The game minimizes errors that are detrimental to the game play. 
 A15: The game supports players in recovering from errors. 
 A16: Players should feel a sense of control over the actions that they take and 
the strategies that they use.  
 A17: Players feel free to play the game the way that they want. 
 A18: The game increases the players‘ skills at an appropriate pace as they 
progress through the game. 
Interpretation 
The five items that are included that relate to perceiving outcomes are: 
 I1: The game provides visual and/or audio output that allows the player to 
assess the state of play at any given time. 
 I2: The game provides mechanisms for players to receive immediate 
feedback on their actions. 
 I3: The game allows the player to readily recognize the effect that his/her 
actions have had during game play. 
 I4: The game provides players with a sense that the system responds to their 
actions. 
 I5: Dramatic effects in the game are supported by game events. 
The seven items that are included that relate to interpreting feedbacks are: 
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 I6: Feedback on goal progression provides positive reinforcement or 
information which enhances free choice and self-awareness, e.g. Progression 
bar used to show goal progress. 
 I7: The game provides outcomes based on chance and randomness. 
 I8: Feedback of goal progression is continuous, e.g. progression bar, 
constantly updating to reflect the players performance. 
 I9: The game rewards players for their effort and skill development. 
 I10: The game provides players with feedback on progress toward their goals. 
 I11: The game‘s visual and/or audio output is consistent with game elements 
and the overarching setting and story. 
 I12: The game allows players to always know their status or score. 
The two items that are included that relate to evaluating goals are: 
 I13: The game allows players to evaluate the success of their actions based on 
outcomes of these actions. 
 I14: The game requires players to experiment with ideas and evaluate their 
effectiveness. 
RESULTS 
Our results are based on the data gathered from the 27 participants who 
completed a PENS questionnaire for each game. The expert analyses of game play 
activity across the three games are also reported upon. 
PENS Evaluation 
The comparison of average player experience scores for each game is shown in 
Figure 1. The significant p-value (F (df,8)=2.545, p<.05) shows an effect of each 
game on the dependent variables. Portal 2 received the highest average scores from 
players across all four sub-scales. I-Fluid received the lowest average scores for 
competence, intuitive control and presence. Both Braid and I-Fluid performed worse 
than Portal 2 in the autonomy sub-scale, with Braid performing slightly worse than I-
Fluid. While averages were relatively close for all three games in the competence 
sub-scale (between 5.4 and 5.7), there were larger differences between Portal 2 and 
the other two games across autonomy, intuitive control and presence. Our results 
suggest that the Portal 2 player experience was better than either the Braid or I-Fluid 
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experience. Player responses also appear to indicate that they generally had more 
positive experiences during Braid game play over I-Fluid.    
 
Figure 18: PENS (competence, autonomy, intuitive control and presence) for each 
game. 
Game play Activity Evaluation 
Based on estimated marginal means using One-Way-ANOVA, the results show 
between three games there is significant difference in terms of goals and action 
(F(df,2)=15.573, p=.004,F (df,2)=14.402, p=.005). In terms of goal-challenge and 
action/interaction assessment, Portal 2 received the highest scores, and Braid 
received the highest score in terms of interpretation assessment (Figure 19).  
Goal and Challenge Activity Evaluation 
The results in Figure 20 show the mean differences in expert assessment in 
terms of how players achieve goals and how the game allows players succeed at 
particular challenges. Portal 2 has the highest average scores for providing 
mechanisms that allow the player to succeed at particular challenges, while Braid 
performed the best in terms of allowing players to achieve their goals. 
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Figure 19: Game play Evaluation Marginal Means 
Through examining the items within these categories in more detail, the game 
variations that produce these results become clearer. When considering achieving 
goals, the experts indicated through their scores that primary goals in Braid game 
play were more likely to encourage the player to create his or her own combination 
of sub-goals (G2). Conversely, I-Fluid did not perform well in providing players with 
narrative mechanisms such as events, travel and/or time to allow players to 
understand their progress towards achieving their primary goal (G6). Table 10 
provides a comparison of the average scores for these two items across the three 
games. 
 
Figure 20:  Goal Activity Evaluation 
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 Braid  
M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Create own combination of 
sub-goals (G2) 
4.67 (1.15) 2.67 (0.58) 2.67 (0.58) 
Narrative mechanisms (G6) 3.67 (0.58) 1.67 (0.58) 4.67 (0.58) 
Table 10: Achieving goals across the three games 
 
Table 11 shows the items that were noticeably different across the three games 
within the category of succeeding challenges. The expert reviewers assessed Portal 2 
game play as providing greater opportunities for cognitive, logical thinking or 
strategic planning (G7) than Braid, which in turn performed better than I-Fluid on 
this item. Similarly, Portal 2 performed better on providing players with multiple 
types challenges (G8), introduces challenges at a more appropriate pace, and allows 
players to perceive problems in their own way (G10) than either Braid or I-Fluid. 
Portal 2 also received higher scores for providing choice based on game narrative 
(G16).  
 
 Braid  
M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Focus of the main challenges (G7) 4.00 (1.00) 2.33 (0.58) 5.67 (0.58) 
Multiple types of 
scenarios/challenges (G8) 
4.33 (0.58) 4.00 (0.00) 5.67 (0.58) 
Challenges at appropriate pace (G9) 5.33 (0.58) 6.00 (0.00) 6.33 (0.58) 
Approach problems in own way 
(G10) 
2.67 (0.58) 3.00 (0.00) 5.00 (0.00) 
Player can adjust challenge difficulty 
(G11) 
1.67 (0.58) 4.00 (1.00) 1.67 (0.58) 
Provides different levels (G13) 1.67 (0.58) 4.67 (0.58) 2.33 (0.58) 
Variety of choices (G15) 2.67 (0.58) 4.00 (0.00) 3.67 (0.58) 
Choices related game narrative (G16) 2.00 (1.00) 2.00 (1.00) 5.33 (0.58) 
Table 11: Succeeding at challenges across the three games. 
 
In comparison to Portal 2 and Braid, I-Fluid received the best average scores for 
game design related to managing difficulty, by allowing better options for players to 
adjust the difficulty level (G11) and including different levels of difficulty for 
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different players (G13). I-Fluid and Portal 2 offered game play that allowed players 
to solve problems through a variety of choices at a greater level than Braid (G15).    
Action and Interaction Evaluation 
The results in Figure 21 show the mean difference of expert scores with respect to 
how they felt the games allowed to perform actions and the level of physical control 
enabled. In both areas Portal 2 performed better than the other two games, with I-
Fluid not performing as well in comparison.   
 
 
Figure 21: Action and Interaction Activity Evaluation 
The results in Table 12 illustrate large differences in mean scores relating to 
performing actions. Portal 2 performs best across all items and clearly the rules allow 
greater opportunities for players to choose their actions in response to a situation 
(A3) and consider different methods for solving a problem (A4). While both Portal 2 
and I-Fluid enabled players to perform actions that had some level of impact on 
shaping the game world, Braid‘s mean score indicates that it provides limited 
opportunities for this type of activity. The expert reviewer scores indicated that I-
Fluid was not as effective as the other two games in connecting game play action to 
an emerging story (A10 and A11).  
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 Braid  
M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Perform more than three different 
interactive actions (A3) 
2.67 (0.58) 2.67 (0.58) 6.00 (1.00) 
Perform different 
methods/solutions (A4) 
3.67 (0.58) 2.67 (0.58) 4.67 (0.58) 
Actions impact on and shape the 
game world (A7) 
1.67 (0.58) 3.33 (1.15) 4.00 (1.00) 
Discover the story (A10) 4.33 (1.15) 1.67 (.058) 5.67 (0.58) 
Actions available with the story 
(A11) 
4.33 (0.58) 2.67 (0.58) 5.67 (0.58) 
Table 12:  Performing actions across the three games. 
 
Table 13 outlines the physical control items that had notably different mean reviewer 
scores. Portal 2 received scores that indicated it performed better than the other two 
games with respect to having good input control (A12). With respect to minimizing 
and recovering from errors (A14 and A15), I-Fluid received scores that were low in 
comparison to Braid and Portal 2.  
 Braid  
M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Good input control (A12) 4.67 (0.58) 5.00 (0.00) 6.33 (0.58) 
Minimises errors (A14) 4.67 (1.15) 1.67 (0.58) 5.33 (0.58) 
Support recovering from errors 
(A15) 
6.67 (0.58) 3.67 (0.58) 6.00 (1.00) 
Table 13: Physical control across the three games 
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Interpretation Activity Evaluation 
The results in Figure 22 show the mean differences between how experts judged 
each game‘s ability to provide mechanisms which allow players to perceive 
outcomes, interpret feedback, and evaluate goals. Portal 2 and I-Fluid received lower 
scores than Braid for providing ways for players to interpret feedback, yet received 
higher scores than Braid for allowing players to evaluate goals. Portal 2 performed 
better than the other two games on providing means by which players can perceive 
the outcome of an action.   
 
Figure 22: Interpretation Evaluation 
 
Across all categories within the interpretation domain there was only one item that 
had a clear variation across games. Analysis shows Portal 2 and Braid provided 
better feedback on goal progression which resulted in positive reinforcement (see 
Table 14). 
 
 Braid  
M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Provides positive reinforcement / 
information (I6) 
3.67 (0.58) 2.33 (0.58) 4.00 (1.00) 
Table 14:  Interpreting feedback across the three games 
 
Average reviewer scores for perceived outcome items appeared quite 
consistent, ranging between 5 and 6 for three of the items (I2, I3 and I3). I-Fluid‘s 
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performance was rated a little lower for I1 – the game providing appropriate 
audio/visual output. Braid scored an average below four on item I5 which related to 
dramatic effects tying to game events.  In terms of evaluating outcomes results were 
relatively even, with Portal 2 and I-Fluid outperforming Braid slightly on both items. 
While other differences weren‘t large, it is interesting to note that Braid 
performed best on four of the seven interpretation items (I7, I8, I10 and I11) and 
received an equal average score with I-Fluid on another item (I10). The only item 
that Portal 2 received the best average score is reported in Table 6 (I6). I-Fluid 
outscored the other two games it providing the best rewards for player effort and skill 
development (I9).  
DISCUSSION 
Our analysis of the three games, Portal 2, Braid and I-Fluid, demonstrates that 
Portal 2 engenders feelings of competence, autonomy, intuitive control and 
presence/immersion at greater levels than either Braid or I-Fluid. Portal 2 also 
performed best on expert assessment on providing appropriate goal and challenge 
activity and allowing players to effectively act and interact. There was not a lot of 
difference across the three games in terms of interpretation activities, and Portal 2 
once again performed best in allowing players to perceive outcomes and evaluate 
goals (equal with I-Fluid).  
Braid was the middle performer with respect to engendering feelings of competence, 
intuitive control and presence/immersion. Expert assessment of Braid is mixed. 
While it fell between Portal 2 and I-Fluid in terms of action and interaction, it 
performed best in across interpretation activities, largely due to scores in the 
feedback category, and performed worst in the goals and challenge domain. The 
breakdown indicates that while experts felt that Braid performed best with respect to 
goal design, the challenges players faced were not necessarily appropriate. Difficulty 
and pace of challenges isn‘t managed in a flexible way. Despite good feedback, these 
limitations in challenges may account for the PENS results for Braid. The lack of 
choice and the limitations with respect to difficulty adjustment may have resulted in 
Braid being judged by players as providing the least amount of autonomy.       
PENS results for I-Fluid indicate that players felt the least amount of 
competence, intuitive control and presence. It was the middle performer for 
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providing feelings of autonomy. Well-designed goals, and the ability to effectively 
act and interact within the game world appear to directly impact on player 
motivation. Here again the autonomy result is might be an indication of the 
importance that choice in challenge and difficulty has on perceived autonomy.    
Results indicate that there may be a relationship between feelings of intuitive 
control, and the action and interaction dimension of videogame activity. Players felt 
in more control while playing Portal 2 and felt the least amount of control in I-Fluid. 
Similarly, Portal 2 performed best in expert assessment of allowing players to 
perform actions and being in physical control of the experience, and I-Fluid 
performed the worst of the three games. While intuitively this makes sense, it is 
useful to have data that points to this relationship. It might be assumed that the lack 
of error support in I-Fluid might account for players‘ perceived lack of control. It 
also appears that the choice of actions to achieve goals in Portal 2 and its ability to 
connect to story elements to game play may improve player feelings of control. It is 
perhaps this linking to story elements to game play that also influences player 
feelings of presence.   
Results indicate that there was a close relationship between action and 
physical control from a design perspective. The game that had better clarity and 
choice around actions also provided better physical control. However similar patterns 
weren‘t seen in the other two activity domains. For example, it appears that games 
can be design to have strength in one category relating to interpretation and be weak 
in another. Where the experts felt that Braid did the best job of providing feedback, 
they also felt it provided the worst at allowing players to evaluate their performance. 
While it may have been assumed there would be a close link from a design 
perspective between quality goals and quality challenges, our results demonstrate 
that goals can be clearly designed in a context where challenges are limited or lack 
flexibility.    
The problems that the game presents underpin the potential for the game to 
support engagement of creative processes (Amabile, 1996). While the games selected 
for the studies – Portal 2, I-Fluid and Braid – are all puzzle-based, they have 
different game mechanics, goals and settings and may therefore provide different 
opportunities with respect to engagement in decision making processes.  
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CONCLUSION 
The findings reported in this paper show that the expert review method is able 
to identify game play activities and therefore offers opportunities to examine games 
in detail. We have used activity data to better understand how in-game activities 
influence player motivation. Findings indicate that the positive experiences, 
particularly with respect to competence, autonomy, intuitive control and presence are 
directly influenced by game activity design. It appears that good player action and 
interaction design, particularly with respect to error management, has an impact on 
feelings of intuitive control. The impact that challenge design has on autonomy is 
particularly noteworthy. While it may be assumed that categories within activity 
domains might be closely associated from a design perspective our research 
demonstrates that this is not necessarily the case. Designers need to carefully 
consider all aspects of activity and not value one over another (e.g. clear goals over 
appropriate challenges, good immediate feedback over mechanisms for players to 
assess progress towards goals) in order to produce games that are highly motivating.  
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PREAMBLE 
The paper focuses on determining the conceptual framework that illustrates the 
relationship between creative processes, player experiences and key elements of 
game design. These elements have been considered in terms of cognitive action as it 
provides a link between the activity that occurs in games and creative processes. The 
study considers games in terms of goals and challenges, action and interaction, and 
interpretation (see Paper 6) and to examine how these elements may be connected to 
the components that form the basis for our analysis of creative potential: task 
motivation, domain relevant skill and creativity relevant skill. The results from the 
analysis will be used to further examine when and how computers games support 
engagement in creative processes. The paper presents the unique framework that has 
been developed for analysing creative processes within a computer game context 
(RQ1, RQ2, RQ3, RQ4).  
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ABSTRACT.  
This paper describes a design framework intended to conceptually map the 
influence that game design has on the creative activity people engage in during 
gameplay. The framework builds on behavioral and verbal analysis of people playing 
puzzle games. The analysis was designed to better understand the extent to which 
gameplay activities within different games facilitate creative problem solving. We 
have used an expert review process to evaluate these games in terms of their game 
design elements and have taken a cognitive action approach to this process to 
investigate how particular elements produce the potential for creative activity. This 
paper proposes guidelines that build upon our understanding of the relationship 
between the creative processes that players undertake during a game and the 
components of the game that allow these processes to occur. These guidelines may 
be used in the game design process to better facilitate creative gameplay activity.  
KEYWORDS:  
Videogames, Creative gameplay, Behavioral analysis, Expert review 
INTRODUCTION  
The research described in this paper examines the impact that the design of a game 
has on the potential for that game to engage players in creative activity. Creative 
thinking is an important aspect of problem solving and a valuable skill to acquire. 
While existing research demonstrates the effectiveness of some games in facilitating 
creativity [4], this study focuses on the impact that specific game elements (e.g., 
goals, actions) have on the creative problem solving processes that occur during 
gameplay. Assessing the creative potential of an experience requires a focus on how 
an individual responds to particular activities [9]. This research examines the 
activities provided within games though specific game elements and analyses how 
these activities may facilitate creative engagement. It identifies the key specific 
components of computer games that support creative activity. The outcome of the 
research is a set of guidelines that can aid game designers in the creation of games to 
facilitate people‘s creative thinking skills. 
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BACKGROUND 
Interactive experiences within a game environment allow people to express their 
creativity and intentions [15]. Research on creativity has resulted in multiple 
definitions, perspectives and models. For example, creativity has been defined to 
consist of at least four components: (1) the creative process, (2) the creative product, 
(3) the creative person, and (4) the creative situation [3]. It has also been grouped 
using four definitions: product, person, press (the ―press‖ of the environment), and 
process [13]. Our research concentrates on the creative process and, more 
specifically, the thinking processes employed during creative activity. The creative 
process is the result of sustained and complex mental effort over time [13] and 
consists of a step-by-step sequence of mental activities.  
To identify the potential of games to engage players in creative processes, 
criteria related to activity undertaken need to be clearly understood. While we 
understand that games have great potential to support creative processes [11], it is 
not clear how we go about designing for creative activity. We know that creative 
ideas result from the novel combination of idea [14], that creativity involves a 
process of convergent and divergent thinking [2], and that critical thinking plays in 
important role [5]. To develop interactive experiences that incorporate these 
valuable, educative processes, we need a clearer understanding of how different 
game elements may be combined to produce creative potential. 
CREATIVE POTENTIAL GAME DESIGN MODEL 
The creative potential game design model is based on two distinct studies. The first 
study was designed to measure the creative processes that occur during gameplay 
[6]. The conceptual method that was employed to assess creativity examined the 
extent to which factors that have been identified as playing an important role in 
creative processes – task motivation, domain-relevant skills and creativity-relevant 
skills – are present within gaming experiences. A behavioral and verbal protocol 
method that has been used previously to measure creativity in structure building 
activities, collage making and poem writing [12] was employed during this research. 
The study involved participants being observed while playing the three selected 
puzzle games: Portal 2, Braid and I-Fluid. They played each game for 15 minutes. To 
examine the creative process, participants were video recorded while playing the 
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games and a video coding scheme was used to capture the type and frequency of 
observable behaviors and participant verbalizations. 
The second study [7,8] examined specific elements of the three games used in 
study 1 to determine which of these elements are important in fostering creativity. A 
heuristic checklist forms the basis of this study and experts used the items in this 
checklist to analyze each of the games. The items are structured into the categories 
identified as the key components of moment-to-moment gameplay. The three 
categories – identify goals, perform meaningful action and interpret outcome – map 
to a model of interaction that is based on cognitive processing. This model provides 
an important link between specific elements of games and creative problem solving 
activity. Fig. 23 provides an overview of the Creative Potential Game Design Model 
that links all of these concepts. To understand the interrelationship between 
gameplay and creative potential we have interpreted the results of the two studies 
that have been undertaken. 
 
Fig. 23. Creative Potential Game Design Model 
The Creative Potential of Games 
Our research has identified the extent to which each of the facilitating components of 
creative activity are present in each of puzzle games examined (Fig. 24). Results 
demonstrated that Portal 2 was best able to provide the task motivation and domain 
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relevant skills necessary to engage in creative activity. Braid was the worst 
performer in both of these areas. Conversely, Braid was best able to provide the 
creativity relevant skills identified as important in creative processes and Portal 2 
was least able to facilitate these skills. I-Fluid sat between Portal 2 and Braid for 
facilitating all three components.  
Our more detailed analysis indicated that while the games were similar in 
many respects in relation to their ability to facilitate creative activity, there were 
areas where differences were evident. Fig. 25 outlines areas identified as being key 
differentiators when it came to a game‘s ability to facilitate creative activity. Portal 2 
was able to support task motivation through providing a greater number of tools to 
solve problems, offering more opportunities for players to use and freely manipulate 
a range of objects and providing options for players to playfully explore the world in 
their own time. Players had the time and resources to plan their approach and refine 
solutions to problems. Braid and I-Fluid limited the number of actions available to 
players and there were fewer pathways available that would lead to success. 
 
Fig. 24. Creative potential components for each game 
A game‘s ability to facilitate domain-relevant skills centered on creating an 
environment that instilled confidence, providing clear pathways to complete tasks 
and ensuring that players understand the objectives they‘re trying to achieve. In the 
games that didn‘t perform as well on this component there were clearly times when 
players were uncertain about how the world would respond to their actions and how 
they could complete game objectives. Some of the challenges that arose for players 
related to difficulties working with objects and resources.  
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Fig. 25. Identified Means of Facilitating Creative Potential  
From a creativity-relevant skills perspective our analysis indicates that overall 
frequency of players engaging in these types of activities were quite low. Areas 
identified as important in facilitating creativity-relevant skills included providing 
greater opportunities for players to take a wide focus when engaging in gameplay. 
This may be achieved through allowing activity that is future-oriented, letting players 
work through problems that require more than one step and facilitating interactions 
that enable players to develop their own goals. Problem solving needs to involve a 
player striving to achieve an outcome through overcoming challenging obstacles.  
A tension has been identified between providing an experience that encourages 
striving (creativity-relevant skills) and producing gameplay where the player finds it 
straight-forward to understand what they are required to do and how they might go 
about doing it (domain-relevant skills). It appears that the ideal conditions for 
creativity are achieved within challenging environments where objectives are clear 
and consequences for exploration are positive. Given the focus within puzzle games 
on logical and conceptual challenges, experiences where players are able to develop 
their own goals or sub-goals is limited. Design for creativity involves opening up 
rule-sets, broadening the ways goals might be achieved and providing opportunities 
for non-goal directed behavior. 
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Analysis of Gameplay 
The game environment is the medium that allows the player to achieve experiences 
and it is this environment that we analyze to determine where differences in creative 
activity occur. We apply the Seven Stages of Action [10] – which details the process 
of executing and evaluating actions to achieve a particular goal – to moment-to-
moment gameplay activity. Gameplay consists of the challenges and actions that a 
game offers the player and central to the experience is how the player addresses these 
challenges to achieve game objectives [1]. The three key components of game 
activity – goals and challenges, action and interaction, and interpretation –can be 
mapped to Norman‘s seven stages of action. Expert analysis of Portal 2, I-Fluid and 
Braid provides insight into how each game provides challenges that players must 
address to achieve goals, the effectiveness of the actions and interactivity available, 
and the quality the feedback presented so that players can assess their progress [8]. 
To determine how the components of game activity influence creative 
potential we firstly examined the expert review Portal 2. Given that Portal 2 
performed well in the task motivation and domain-relevant skills categories for 
creative potential, it is useful to identify the game activity components in which it 
performed better than Braid and I-Fluid. Analysis demonstrated that Portal 2 most 
effectively provided mechanisms that allow the player to succeed at particular 
challenges. Expert review found that the game challenges effectively allowed for 
cognitive and logical thinking and strategic planning, that there were multiple types 
of challenges available that players could approach in their own way and at their own 
pace, the level of challenge was well matched to player skill level, and that narrative 
mechanisms guided challenges and supported progress towards goals. Portal 2 did 
well at offering players interesting options and choices, allowing the player to 
perform a range of actions to address a challenge. The actions available to the player 
work well with the game‘s story and players could discover this story through 
gameplay. The game actions provide a good sense of control over interactions and 
they allow players to feel that they have a significant impact on the game world. The 
review found that the interface to Portal 2 was easiest to learn, use and master and 
that the game had good input control. In terms of feedback, analysis of results 
demonstrated that Portal 2 performed well at providing output that allowed the player 
to assess the state of gameplay at any given time. The feedback mechanisms 
provided positive reinforcement which enhanced free-choice and self-awareness. 
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Fig. 26. Analysis of Game Activity Components for Creative Gameplay  
Given that Braid performed slightly better than both I-Fluid and Portal 2 in terms of 
providing activities to support creativity-relevant skills, it is helpful to examine 
expert review data for its game activity components. Analysis demonstrated that the 
goals within Braid were the most open-ended and provided the best opportunity for 
players to create their own sub-goals. The game best allowed players to experience a 
freedom in their choice of actions. It also did well as supporting players in 
recovering from errors and performs well at minimizing errors that are detrimental to 
gameplay. Compared to the other two games, Braid provides the most effective 
mechanisms for players to interpret the outcome of actions through mechanisms that 
immediate and continuous feedback. The game‘s output is also particularly 
consistent with game elements and the overarching setting. Fig. 26 illustrates this 
analysis of game activity components and identifies areas of strength that may 
contribute to the ability of a game to facilitate creative activity.  
GUIDELINES FOR CREATING A GAME WITH CREATIVE POTENTIAL 
To produce guidelines that will aid in the development of games that facilitate 
creative problem solving, we have mapped game activity components (Fig. 26) to the 
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mechanisms identified as facilitating creative potential (Fig. 25). This mapping forms 
the basis of design guidelines that may be applied in the development of games to 
facilitate creative problem solving. These guidelines are outlined below, with the 
creative component facilitated included in brackets:  
 Ensure that the game includes open-ended goals that allow players to develop their 
own sub-goals (wide focus, playful exploration) 
 Create narrative mechanisms that allow players to understand their progress 
towards achieving goals and that clearly link to choices in the game (understand 
what is required, clear pathways to complete tasks)  
 Create challenges that require logical thinking and strategic planning (complexity 
in problem solving, planning, refining problem solutions) 
 Ensure that there is variety in the type of challenges provided and that these 
challenges can be perceived and approached in different ways by players  (wide 
focus, complexity in problem solving, facilitate striving activity, playful 
exploration, object use and manipulation, planning) 
 Implement challenges that develop at an appropriate pace and match a player‘s 
skill level (facilitate striving activity, environments that instill confidence) 
 Implement rules that offer freedom of choice, where players have options about  
actions to use to solve a problem (wide focus, object use and manipulation, 
planning)   
 Ensure that player actions have an impact on and shape the game world (wide 
focus, object use and manipulation, playful exploration) 
 Ensure that actions available to the player relate to the overarching story/setting of 
the game and that feedback makes sense within this context (understand what is 
required, clear pathways to complete tasks) 
 Manage player errors by allowing support for recovery from errors and ensuring 
that the impact is minimal (facilitate striving activity, environments that instill 
confidence) 
 Ensure that the player has a sense of control of interactions through creating a 
game interface that is easy to learn, use and master (environments that instill 
confidence) 
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 Provide mechanisms that allow players to receive immediate and continuous 
feedback on their actions (environments that instill confidence, understand what is 
required, clear pathways to complete tasks, refining problem solutions) 
 Ensure that feedback provided to the player positively reinforces good choices and 
allows for free choice and self-awareness (facilitate striving activity, understand 
what is required, refining problem solutions) 
CONCLUSION 
In this paper we map the results of our analysis of players engaging in creative 
problem solving during puzzle game play to the expert review of the components of 
these games. We have used data to better understand how in-game activities 
influence a player‘s engagement in creative activity. Design guidelines that take into 
consideration the strengths of each of the games examined in facilitating creative 
activity have been produced. These guidelines consider the specific ways we can 
align game goals and challenges, actions and interactivity and 
interpretation/feedback mechanisms to support creative problem solving processes.  
Future work will investigate the applicability of the Creative Potential Game Design 
Model across different game genres. Furthermore, the guidelines produced will be 
applied and evaluated in the development of a game to support creative activity.  
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Discussion/ Conclusion 
This research project examines the identification of game elements that 
encourage creative thinking processes. This research has identified the key specific 
components of puzzle computer game experiences that may be measured to assess a 
game‘s potential for supporting creative activity.  
The first part of the study focused on a method for measuring the creative 
potential of computer games. The method measures creativity within a computer 
game context, through behaviour assessment and verbal protocol techniques. Data 
collected has resulted in a reliable measure of the creative potential of puzzle games 
that includes 18 items within the creativity-relevant skills factor, 12 items within the 
domain-relevant skills factor and 17 items within the task motivation factor. The key 
factors may be measured to assess a game‘s potential for supporting creative activity. 
The domain skills influences the generation of an acceptable solution that are 
encouraged by game play tasks. Engaging in playful game play activities; including 
wide focus, striving, concrete focus, and concept identification activities can have a 
positive effect that influences the active engagement of creativity-relevant processes. 
Clearly, some game activities influence the quantity of ideas through set breaking, 
pace, planning, playfulness, exploration, enjoyment and concentration activities.  
The second part of the thesis focuses on the relationship between creative 
behavioural processes that occur in games and the game play experience. Player 
experience, as measured by the Player Experience Needs Survey (PENS) is analysed 
in relation to a cognitive activity that occurs through game play elements. The focus 
is on a game‘s goals and challenges, actions and interactions, and interpretation 
through feedback. The results demonstrate that for the small sub-set of games 
examined, the level of creative potential of a game positively influences player 
experiences. Experiences that allow task motivation and domain relevant skills to 
emerge may also engender feelings of competence, autonomy, intuitive controls and 
presence. Research findings also indicate that the positive experiences, particularly 
with respect to competence, autonomy, intuitive control and presence are directly 
influenced by game activity design. 
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Finally, the deconstruction of puzzle game play elements has led to an analysis 
of the relationship between the creative potential of a game and specific game design 
elements. The analysis has demonstrated that creative activity is closely tied to the 
core mechanics of the game. While each of the games examined involves the players 
in focused activity, influences on task motivation like task refinement and set 
breaking are a function of particular game mechanics. The result shows the expert 
review method is able to identify game play activities.  
8.1 CREATIVE POTENTIAL WITHIN PUZLLE GAME PLAY  
The outcome is a game design conceptual framework that may be applied 
when creating computer games that support creative thinking processes. Game 
design guidelines have been developed based on this framework as a way to guide 
the design of games to facilitated creative activity. 
As the system, game play establishes the behavioural consequences of actions 
and has the capability to foster creative processes through experiences that emerge. 
Our study demonstrates the influence that game design has on the game play 
experience and the creative potential of a game. For example, all three puzzle games 
provided mechanics that oriented the player towards developing new skills, 
understanding, and competence, and that allowed the player to assess the state of 
play at any given time, yet expert analysis indicated that Portal 2 was better at 
providing players with multiple types challenges, introducing challenges at an 
appropriate pace, and allowing players to perceive problems in their own way.   
8.2 ADDRESSING THE RESEARCH QUESTIONS  
This research contributes to how digital games can be designed and deployed 
to support creative thinking skills. Research question 1 examined how process-
related characteristics of creative activity could be measured within the context of 
computer game play. This research project focussed on identifying characteristics of 
creative processes that may occur during a game-play session and how creative 
processes could be measured within a computer game context. An extensive analysis 
of literature related to creativity and assessing creative processes was undertaken.  
Adaptation of an existing research that provides a componential approach to 
examining resulted from this review. These three components, task motivation, 
domain relevant skills and creativity relevant skills, form the basis for the assessment 
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of the creative potential of computer games. Task motivation characteristics such as 
set breaking and enjoyment, domain-relevant skill factors such as assuredness, and 
creativity-relevant skill factors such as wide focus were examined in a computer 
game play context throughout the project. 
The adaptation of the componential approach to creative processes allowed for 
an examination of the extent to which players engage in creative thinking processes 
during computer game play (research question 2). This question focussed on the 
three puzzle-based computer games and looked at how creative thinking processes 
were fostered through these games. Using the outputs generated through addressing 
research question one, the types of creative thinking processes people use while 
playing these games are investigated through behavioural and verbal analysis of 
these experiences. The research allows for an assessment of the extent to which 
specific gaming experiences facilitate creative thinking.  
Research results show that the level of task motivation and domain-relevant 
skills are highest in Portal 2. Braid has the highest for creativity-relevant skills and 
lowest for both task motivation and domain relevant skills. I-Fluid sat between Portal 
2 and Braid on all three components. While player behaviour indicative of task 
motivation and domain-relevant skills were generally high for each of the games, 
engagement in creativity relevant skills was low in comparison. 
Research question 3 examined how engagement in creative activity in games 
impacted on the player experience. This question focused on the relationship 
between creative activity during game play and the player experience as measured by 
the PENS survey. Outcomes from study 1 indicated that those experiences that 
facilitated task motivation and domain relevant skill behaviours may also engender 
feelings of competence, autonomy, intuitive controls and presence. Research findings 
also show that the positive experiences, particularly with respect to competence, 
autonomy, intuitive control and presence are directly influenced by game activity 
design.  
The final research question (RQ4) examined how specific game design 
elements facilitate a player‘s engagement in different components of the creative 
process during the game play experience. This question focuses on specific game 
elements that extend the range of creative activity experienced. In looking to design 
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and develop games to support and facilitate player engagement in creative thinking 
activities we need to understand which game design elements impact on creative 
activity. This question addresses the need to understand how specific elements (e.g., 
goals and challenges) influence in-game creative behaviour.  
The question is addressed through a mapping the results of our analysis of 
players engaging in creative problem solving during puzzle game play to the expert 
review of the components of these games. It results in a design framework intended 
to conceptually map the influence that game design has on the creative activity 
people engage in during game play. Design guidelines that take into consideration 
the strengths of each of the games examined in facilitating creative activity have 
been produced through this mapping. These guidelines consider the specific ways we 
can align game goals and challenges, actions and interactivity and 
interpretation/feedback mechanisms to support creative problem solving processes.    
8.3 CONCLUSION  
The research presented in this study demonstrates that existing measures and 
techniques can be successfully adapted to design and analyse the creative processes 
that occur within game play experiences. It has identified the key specific 
components of computer game experiences that may be used to assess a game‘s 
potential for supporting creative activity. The findings reveal that the behavioural 
analysis is able to identify game play activities and therefore offers opportunities to 
examine creative processes through game play. Findings indicate that the positive 
experiences, particularly with respect to competence, autonomy, intuitive control and 
presence are directly influenced by game activity design. Specifically, creative 
activity may positively influence the player experience.  
The objective of this research project was to develop a design framework that 
supports game design that facilities creative thinking activity. This objective has 
been achieved and has resulted in the development of concrete design guidelines.  
The framework identifies specific game elements that promote creative skills during 
game play.  
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8.4 FUTURE WORK 
Present research has focused on the puzzle game genre and our current results 
cannot be extrapolated beyond this genre. Future work will explore creativity in the 
game play process more generally through deconstruction of a wide range of game 
play experiences. This research will investigate the applicability of the framework 
across different game genres. The guidelines have been developed to map directly to 
elements of the framework. The guideline may be used in the game design process to 
better facilitate creative gameplay activity. Although, the guidelines are not tested, 
the future work will examine how the guidelines produced will be applied and 
evaluated in the development of new games to support creative activity. This 
research is the application of theory into practice with the outcome of guidelines that 
have been designed to be used a practical game design tool. It is anticipated that they 
will be used in the game design process to better facilitate creative gameplay. The 
knowledge generated through this research will assist in creating games (either 
educational or commercial) that include engaging mechanics that further involve 
players in creative problem solving.  
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Appendix A 
Ethical Documents 
This appendix contains the details of ethical documents for the thesis project. 
1. Application for review of low risk research involving human participants 
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2. Recruitment flyer 
 
2. Survey Demographic Questions 
--------------------------------------- 
 
1. Gender (please tick) 
□ Female 
□ Male 
2. AGE_______________ 
  
3. Highest qualification you have earned (please tick) 
□ Senior School Certificate 
□ Undergraduate Degree 
□ Postgraduate Degree 
□ Other________________________ 
 
4. Approximately how long have you played video games?  (please tick) 
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□ Less than 6 months 
□ 6-12 months 
□ 1-3 years 
□ 4-6 years 
□ More than 6 years 
 
5. On average, how many hours do you spend playing video games per week? 
(please tick) 
□ Less than 2 hours 
□ 3-6 hours 
□ 7-10 hours 
□ 11-14 hours 
□ More than 15 hours 
 
6. On average, how regularly do you play video games? (please tick) 
□ Less than once a month 
□ Once a month 
□ A few times per month 
□ Once a week 
□ A few times per week 
□ Everyday 
 
7. What are your three favourite games?   
 
1: ______________________________________________________________ 
2: _____________________________________________________________ 
 
3: _____________________________________________________________ 
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Appendix B 
Detail of Creative Components for Each Game 
This detail shows the detail of video coding scheme for creative components for each 
game. 
 
 
 
Participant number______________     Portal 2/Braid/I-Fluid   
                 
Part 1 
 
Coding                                               Strongly disagree    - 
> Strongly agree 
 
1 2 3 4 5 6 7 
1. Participant works on solving problems within the 
game. [involvement] 
       
2. There is minimal distraction from solving 
problems in the game. [concentration] 
       
3. Participant becomes focussed on the tasks in the 
game. [concentration] 
       
4. Participant can work on refining the integrity or 
stability of a problem solution within the game. 
[stability] 
       
5. In-game objects and materials are able to be 
readily manipulated. [set breaking] 
       
6. In-game objects and materials can be used in 
different ways. [set breaking] 
       
7. The speed at which participant is required to 
interact within the game progresses from a slow 
to fast gradient of working rate. [pace] 
       
8. Planning is an important part of game play. 
[planning]  
       
9. Participant can organise materials within the 
game. [planning] 
       
10. Participant is able to establish ideas within the 
game. [planning] 
       
11. Participant can plan the order of actions and steps 
to take within the game. [planning] 
       
12. Participant can engage in game tasks in a curious 
manner. [playfulness] 
       
13. The game provides opportunities to try out ideas 
in a carefree way. [playfulness] 
       
14. Curiosity during game exploration is encouraged. 
[exploration] 
       
15. The game encourages playful testing out of ideas. 
[exploration] 
       
16. The game allows players to have a good time.        
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[Enjoyment] 
17. Game play tasks are pleasurable. [Enjoyment]        
18. The game allows participant to feel assured in 
going about required tasks. [Assuredness] 
       
19. Participant feels certain about his/her ability to 
complete tasks in the game. [Assuredness] 
       
20. There is no doubt about what participant is 
required to do during the game. [Assuredness] 
       
21. Participant doesn’t feel anxious or timid as 
participant plays the game. [Assuredness] 
       
22. Participant encounters problems as participant 
plays the game. [Assuredness (-)] 
       
23. It was difficult to complete tasks in the game. 
[Assuredness (-)] 
       
24. It was difficult to work with the objects/resources 
in the game. [Assuredness (-)] 
       
30. Participant encountered problems while 
completing tasks in the game. [Striving] 
       
31. Participant encountered obstacles while 
completing tasks in the game. [Striving] 
       
32. Participant questions what to do at particular 
stages in the game. [Striving] 
       
 
Part 2 
 
 
Coding                                                                                                     
 
Frequency 
25. Participant reverses or undoes steps/actions performed in 
the game. [exhibited uncertainty (-)] 
 
26. Participant feels uncertain completing tasks in the game. 
[difficulty (-)] 
 
27. Participant has feelings of self-doubt while playing the 
game. [difficulty (-)] 
 
28. Participant produces negative statements about his/her 
ability as participants play the game. [difficulty (-)] 
 
29. Participant produces negative exclamations (e.g. curses) as 
participant plays the game. [difficulty (-)] 
 
 
 
33 The current problem that needs to be solved in the game 
requires more than one step. [wide focus] 
 
34 The current problem in the game is future oriented. [wide 
focus] 
 
35 Participant restates the problem presented by the game. 
[wide focus] 
 
36 Participant is able to develop his/her own goals within the  
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game. [wide focus] 
37 Participant is performing actions not related to game 
tasks/goals. [wide focus] 
 
38 Participant transitions to a new topic area or action in the 
game. [Striving] 
 
39 Participant questioned how to complete tasks in the game. 
[Striving] 
 
40 Participant questions his/her current actions in the game. 
[Striving] 
 
41 Participant repeats instructions, words or concepts 
presented in the game. [Striving] 
 
42 Participant makes exclamations, as a positive or negative 
outburst. [Striving] 
 
43 Participant makes statements of like or dislike about game 
tasks. [Concrete focus] 
 
44 Participant talks about the qualities of the materials, objects 
or attributes of the game world. [Concrete focus (-)] 
 
45 Participant describes action/tasks/gaols in terms of 
analogies or metaphors. [Concept identification] 
 
46 Participant had eureka-type moments in the game. [Concept 
identification] 
 
47 Participant has an abrupt change in activity designed to help 
complete a task. [Concept identification] 
 
 
 
Item Checklist and Example Verbalisations 
Item Braid I-Fluid Portal 2 
A11: Participant 
works on solving 
problems within the 
game (L).  
The player progresses by finding and 
assembling jigsaw puzzle pieces. 
(M=5.47,SD=0.67)  
The player controls a tiny droplet of 
water without dying. 
(M=5.79,SD=0.54)  
The player work to sole a wider variety of 
portal puzzles and expansive story to 
escape from the room. (M=5.79,SD=0.71)  
A21: Participant can 
work on refining the 
integrity or stability 
of a problem solution 
within the game (L).  
The player can read some sort of 
information from words. After a few 
seconds or minutes of reading his/her 
amassed a bit of knowledge and can 
find ways to apply it. 
(M=5.11,SD=0.85)  
The player can avoid touching 
anything that can absorb causes the 
droplet water to wither away until 
become nothing and die. 
(M=5.37,SD=0.76)  
The player can move one to one, rotate 
objects in real time such as “…get the box 
across gaps through holes in the walls and 
around obstacles”.  (M=5.68,SD=1.00)  
A31: In-game objects 
and materials are 
able to be readily 
manipulated (L).  
The game objects easy to use by 
jumping and walking through.  
(M=5.05,SD=0.83)  
The player can collect little water 
along the way to upgrade droplet 
size then easy to control. 
(M=5.37,SD=0.83)  
The game provides sensitive objects and 
materials “The player can get in right 
away and adjust lasers with lens blocks to 
activate platforms to reach switches”. 
(M=5.63,SD=1.07)  
A32: In-game objects 
and materials can be 
used in different 
ways (L).  
The player can use a shift button to 
complete some task such as pick the 
key form the enemy in the cave.  
(M=4.74,SD=0.91)  
The player can control the camera 
in different way to control the 
droplet. (M=4.95,SD=0.78)  
The player can use the portal gun to get in 
and use the cube to open the door. 
(M=5.16,SD=1.30)  
A41: The speed at 
which participant 
is required to 
interact within the 
game progresses 
The clock has always ticked down for 
bonus point, but only 15 mins, the 
player ca not achieve a bonus point.  
(M=4.53,SD=1.04)  
The game is about navigating each 
level and has infinite lives, but the 
entire game is on timer. Then, the 
player can learn from early level to 
get the ideas for next level by speed 
up. (M=4.89,SD=0.94)  
The player spends a lot of time tangling 
with spatial reasoning puzzles in test 
chambers form slow to fast. 
(M=5.00,SD=1.15)  
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from a slow to fast 
gradient of 
working rate (L).  
A51: Planning is an 
important part of 
game play (L).  
The payer can play to use solved 
jigsaw puzzle game to achieve the 
next task. (M=5.00,SD=0.86) 
The player can plan to see all of 
objects before start the game that 
help to overcome the tasks quickly. 
(M=4.95,SD=0.85)  
The game objects such as the weighted 
storage Cube and Redirection Cubes have 
prismatic lenses that allow player 
planning to use in the right way. 
(M=5.47,SD=1.22)  
 
 
A52: Participant can 
organize materials 
within the game (L).  
The payer can use enemies to 
complete his/her task such as use the 
enemies to jump higher.  
(M=5.05,SD=1.05) 
The player imagine escaping a 
generous breakfast while avoiding 
absorbing tablecloth, breads and 
cakes scattered all around; to cross 
all sort of vegetables cooking in a 
frying pan without vaporizing. 
(M=5.11,SD=1.05)  
The game challenges player to use portals 
to traverse rooms in unusual ways such as 
a player-character executing the "flinging" 
maneuver gains speed by falling into the 
blue portal to shoot across a wide gap 
upon exiting the orange portal. 
(M=5.42,SD=1.30) 
 
 
A53: Participant is 
able to establish 
ideas within the 
game (L).  
The payer can avoid enemies by using 
a shift button to complete task 
quickly. (M=5.16,SD=0.81). 
The player can organize upgrade 
droplet size by using the laws of 
gravity. (M=5.05,SD=0.97)  
 
 
The player can learn to use objects and 
idea generate from early level to next level 
such as use portal gun to get Redirection 
Cubes and change the laser line. 
(M=5.47,SD=1.17)  
 
A54: Participant can 
plan the order of 
actions and steps to 
take within the game 
(L).  
The player needs to get some extra 
height on his/her jump by using the 
Monstar to get the advantage. 
(M=5.16,SD=0.93) 
The player has to solve the current 
action to get into next action such as 
climb through the ruler and then go 
to shaper pencil. (M=5.05,SD=1.03)  
The player solve the puzzle by using list of 
the actions such as  
 Use portals with tractor beam to go 
from A to B. 
 Pick up cube 
 Take cube from B to A with tractor 
beam. 
Use tractor beam or portals to go from A 
to C. (M=5.37,SD=1.21)  
A61: Participant can 
engage in game tasks 
in a curious manner 
(L).  
The player got trapped in the jigsaw 
bridge and tries to find out what the 
meaning of whole puzzle.   
The player can get the idea by go to 
information sign. “You can jump 
now by use the left click” . 
(M=4.95,SD=1.03)  
The game needs the player to find a way 
to add an element to the puzzle, which the 
player will have to ponder before they can 
take action. (M=5.42,SD=1.02)  
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(M=4.84,SD=0.81)  
 
A62: The game 
provides 
opportunities to try 
out ideas in a 
carefree way (L).  
The payer can trial and error and alter 
the speed or direction without 
penalty.  (M=5.21,SD=0.79) 
 
The game allow player to try the 
idea if he/she die the state of action 
and can redo all the time. 
(M=4.95,SD=0.97)  
The player just has to put in the time and 
energy to learn the elements work 
without serious penalty for example 
he/she dies and can back to the game at 
the current state.  (M=5.47,SD=1.02)  
A71: Curiosity during 
game exploration is 
encouraged (L).  
The player can explore all of level.   
(M=5.00,SD=0.92) 
The game allow player to learn from 
easy through hard level. The game 
is a skilled level design such as can 
jump at level 2. (M=5.00,SD=1.05)  
 
 
The game allow the player to use the 
game object to explore game level such as 
use the tractor beam to move around the 
level and use it as a means to attain the 
cube. (M=5.37,SD=1.01)  
 
A72: The game 
encourages playful 
testing out of ideas 
(L).  
The game allows the player test 
his/her ideas how to get the key.   
(M=4.84,SD=0.67) 
The game makes demands of player 
sense as a daily which one can 
absorb water which one not to test 
the idea. (M=4.89,SD=1.10)  
 
 
The player can use portal gun to get the 
idea of get in or get out. (M=5.37,SD=1.12)  
A81: The game allows 
players to have a 
good time (L).  
The cartoon avatar make the player 
feel amusing when they play the 
game.  (M=4.68,SD=0.65) 
The player said… “Oh look at that it 
so good”. (M=4.89,SD=1.15)  
The game is jokier and chattier such as 
when the player talks with robots. 
(M=5.42,SD=1.17)  
 
A82: Game play tasks 
are pleasurable (L).  
The player said cute and smile when 
saw the animal at the castle.  
(M=4.63,SD=0.74) 
 
The player smiles and says good 
word when he/she completes a 
game task. (M=4.84,SD=1.12)  
The player follows a logical sequence that 
is satisfying to discover the puzzle. 
(M=5.37,SD=1.26)  
A91: There is 
minimal distraction 
from solving 
problems in the game 
The player feels uncomfortable to fail 
down and complete the puzzle pieces.  
The game allows player to focus on 
game task as a physical control and 
the object quite obvious to 
understand. (M=5.21,SD=1.18)  
The game tasks provide the player to 
think and do the action without penalty of 
time. (M=5.37,SD=1.16)  
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(L).  
(M=5.21,SD=1.06) 
 
 
A92: Participant 
becomes focused on 
the tasks in the game 
(L).  
The player runs and climbs from left 
to right.  (M=5.58,SD=0.67) 
The player always focuses on the 
task to control the drop. 
(M=5.63,SD=0.60)  
The game provides a nice feedback loop 
for example if the player cannot open the 
door around 2 mins the game will show 
the solutions. (M=5.68,SD=0.89)  
B11(-): Participant 
reverses or undoes 
steps/actions 
performed in the 
game (F). 
The player can hold down the shift 
key will move time backwards, letting 
you undo an action (such as dying) on 
what her/his just done.  
(M=4.68,SD=1.52) 
when recode (M=4.32,SD=1.56)   
 
 
The player can reverses or undo all 
the time without penalty. 
(M=2.53,SD=1.74)  
when recode (M=6.47,SD=1.74)   
 
The game allows players trial-and-error 
until they come upon the solution such as 
“It’s on to opening portals, jumping off 
ledges, and redirecting light in bouts”. 
(M=2.47,SD=1.26)  
when recode (M=6.53,SD=1.26)   
 
B21: The game allows 
participant to feel 
assured in going 
about required tasks 
(L).  
The game allows the player learns 
from mistake rather than penalty such 
as Tim can alive when uses a shift 
button.   (M=4.74,SD=1.02)  
The absorbent surfaces such as 
paper or biscuits will soak player up 
that make common sense. 
(M=4.89,SD=1.41)  
The puzzle rooms are incredibly well 
designed in there is no hard and fast rule 
with the game’s difficulty curve.   
(M=5.42,SD=1.43)  
B22: Participant feels 
certain about his/her 
ability to complete 
tasks in the game (L).   
The player easies runs, climbs, jumps 
and bounces off the heads of enemies. 
(M=4.79,SD=1.06) 
 
The player feel confused about the 
common sense such as “Surely 
untreated wood would soak you 
right up? Surely the dried seaweed 
wrapped around sushi wouldn’t?”. 
(M=4.84,SD=1.42)  
The game has a short story about escape. 
The player can solve a series of spatial 
riddles. (M=5.32,SD=1.42)  
 
B23: There is no 
doubt about what 
participant is 
required to do during 
the game (L).  
The player knows how to complete 
the task by the hint from the game 
(“Hunt time”).  
(M=4.74,SD=0.96) 
The game makes the player spent 
more time spitting on random 
objects around the kitchen that look 
familiar to daily life.  
(M=5.05,SD=1.39)  
The player tasks quite obvious to solve 
the problem that is escape from the room.  
(M=5.37,SD=1.30)  
 
 
B24: Participant 
doesn’t feel anxious 
or timid playing the 
game (L).  
The player cannot get out from the 
cave when he/she get the key.  
(M=4.68,SD=1.22) 
The player feels anxious about the 
small objects to take control of 
them. (M=5.05,SD=1.18)  
The players feel more powerful and 
smarter when they use the Portal gun in 
the right way. (M=5.26,SD=1.33)  
B25(-): Participant 
encounters problems 
playing the game (L).  
The game tasks are hard to complete.  The some objects does not make 
sense in terms of absurdness that 
makes the player confused and lost.  
(M=4.16,SD=1.89)  
when recode (M=3.84,SD=1.89)   
 
The new player find the way to using the 
tools in the test for example combining 
laser redirection cubes with excursion 
funnels. (M=3.53,SD=2.09)  
when recode (M=4.47,SD=2.09)   
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(M=3.26,SD=2.02) 
when recode (M=4.74,SD=2.08)   
B26(-): It was 
difficult to complete 
tasks in the game (L).  
The player cannot get the puzzle by 
one jump.  
 
 
 
 
(M=4.79,SD=1.51) 
when recode (M=3.21,SD=1.55)   
The game provide the ability to 
jump, to double jump and wrap the 
fluid form about small objects to 
take control them. 
(M=4.47,SD=1.47)  
when recode (M=3.53,SD=1.47)   
 
 
The game information help the player 
decide to put the tractor beam on the 
ground since the player needs to get into, 
and see a lot of water within the level that 
make player difficult to walk around. 
(M=3.95,SD=1.58)  
when recode (M=4.05,SD=1.58)   
 
B27(-): It was 
difficult to work with 
the 
objects/resources in 
the game (L).  
The player need more time to 
understand the game task before start 
doing.  
(M=4.37,SD=1.38) 
when recode (M=3.63,SD=1.42)   
Some objects are hard to take the 
droplet along them such as walking 
on chopsticks. (M=4.47,SD=1.50)  
when recode (M=3.53,SD=1.50)   
 
 
The game provides the objects and 
resources for gentle learning curve from 
begin through the end. If the player tries 
and thinks before doing, it was not 
difficult.   (M=3.84,SD=1.64)  
when recode (M=4.16,SD=1.64)   
B31(-): Participant 
feels uncertain 
completing tasks in 
the game (F). 
The player faces the two enemies at 
the same time.  
(M=2.53,SD=1.60) 
when recode (M=5.47,SD=1.64)   
The small objects to take control 
make player feel uncertain such as 
“It too tiny for me”. 
(M=1.84,SD=0.60)  
when recode (M=6.16,SD=0.60)   
 
 
The new player cannot get the ideas how 
to use the cube to open the gate. 
(M=1.84,SD=1.07) 
 when recode (M=6.16,SD=1.07)   
 
B32(-): Participant 
has feelings of self-
doubt while playing 
the game (F). 
The player has to try the idea of 
controlling handle before complete 
the task.  
(M=2.53,SD=1.63) 
when recode (M=5.47,SD=1.68)   
In someplace the player have to 
self-doubt to get his/her idea such 
as which pine line we have to get in 
first.  
 
The game provides subtle visual clues to 
help the player along the way. 
 
(M=2.53,SD=1.22)  
when recode (M=5.47,SD=1.22)   
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(M=2.37,SD=0.96) 
when recode (M=5.63,SD=0.95)   
B33(-): Participant 
produces negative 
statements about 
his/her ability as 
participants play the 
game (F).  
The player said “Seriously...why do 
you keep doing that”. When she 
cannot complete the task.  
(M=1.26,SD=1.58) AUG005 
when recode (M=4.74,SD=1.63)   
When he saw some objects such as 
paper clip fail down to obstruct and 
said  “Jesus Christ”. 
(M=0.95,SD=1.18)  
when recode (M=5.05,SD=1.18)   
  
The player said “Hoo..come on..open” 
when she cannot open the door.  
(M=0.53,SD=1.12)AUG005 
when recode (M=5.47,SD=1.24)   
B34(-): Participant 
produces negative 
exclamations (e.g. 
curses) while playing 
the game (F).  
The player said “Come on...” when she 
cannot kill the enemies. 
(M=3.37,SD=2.01) AUG005 
when recode (M=4.63,SD=2.06)   
When he fail the task “Oh not good”. 
(M=1.68,SD=1.11)  
when recode (M=6.32,SD=1.11)   
 
The player sign when he/she cannot 
complete the current action. 
(M=1.26,SD=1.10)  
when recode (M=6.74,SD=1.09)   
C11: The current 
problem that needs 
to be solved in the 
game requires more 
than one step (F).  
The player has to solve jigsaw to 
create bridge and can go to solve next 
problem.  
(M=2.26,SD=0.96) 
The player has to climb to the right 
place first and then get to the 
objects to finish the level. 
(M=2.16,SD=1.30)  
The Player have to get the cube from one 
room first and then get to the next room 
for leave the cube to open the gate and 
escape from the next door. 
(M=2.53,SD=1.47)  
C12: The current 
problem in the game 
is future oriented (F). 
The experience of current problem 
can help the player learn for the next 
activities such as the player have to 
kill all of enemies to open the door 
and can get in to the next step. 
(M=1.63,SD=1.04) 
The player has to look around all of 
level map to plan the future tasks at 
the current state. (M=0.95,SD=1.03)  
 
 
The initial tutorial levels in the game 
guide the player through general 
movement controls and how to interact 
with the environments to solve the puzzle 
in the next levels. (M=1.32,SD=1.00)  
C13: Participant 
restates the problem 
presented by the 
game (F).  
The player have to mystery the whole 
picture by keeping all of pieces of 
jigsaw and can back to the whole 
picture page all the time.    
(M=2.37,SD=1.31) 
The player has to restate the 
problem from current to next 
before complete game task because 
the game mechanics are provided.  
(M=2.32,SD=1.29)  
The player can restate the problem 
without penalty. (M=0.95,SD=0.78)  
C14: Participant is 
able to develop 
his/her own goals 
within the game (F).  
The player can use the shift button to 
avoid enemies and quickly complete 
the task. (M=2.32,SD=1.38) 
The player can organise the quick 
complete task by using experience 
from previous level. 
(M=1.68,SD=1.16)  
The player can organize the way to escape 
by his/her goals. (M=2.37,SD=1.16)  
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C15: Participant is 
performing actions 
not related to game 
tasks/goals (F).  
The player goes to the main menu and 
fines the help to complete the task. 
(M=0.11,SD=0.31) 
The player explore to other place 
that not relate to the game task 
because he need to know what the 
place look like and why game 
provide that objects. 
(M=0.79,SD=1.13)  
The player shots the robot to make him 
quite. (M=0.74,SD=0.93)  
C21: Participant 
encountered 
problems while 
completing tasks in 
the game (L). 
The player cannot get out of the cave 
until using reverse time.  
(M=5.11,SD=1.37) 
The player has to control more than 
2 devices at complete task such as 
mouse click and keyboard. 
(M=5.16,SD=1.54)  
The player quite confuses which one to do 
first when his/her need to complete task 
for example they have to get the 
Redirection Cubes first before the weight 
Cube. (M=4.68,SD=1.86)  
C22: Participant 
encountered 
obstacles while 
completing tasks in 
the game (L). 
The player cannot get the key in the 
small place, because there is too small 
for Tim.(M=5.53,SD=0.68) 
Some place in the game quite easy 
to fail down and die. 
(M=5.37,SD=0.83)  
The player dies from the enemies before 
find the way to escape. (M=5.05,SD=1.18)  
 
C23: Participant 
questions what to do 
at particular stages in 
the game (L).  
The player questions how to get the 
puzzle across the cave.  
(M=5.32,SD=0.80) 
The player said “How can I go?” 
when he/she cannot get along the 
way. (M=5.00,SD=1.05)  
The player questions how to use the jump 
tool and use the portal gun at the same 
time. (M=5.00,SD=1.05)  
C24: Participant 
transitions to a new 
topic area or action 
in the game (F). 
The player back to the entry door for 
new area of game. 
(M=1.68,SD=1.22) 
The player try to get in other size of 
the object if the cannot get in such 
as pencils sharpen. 
(M=1.95,SD=1.58)  
 
 
The player try to find the way out by using 
the invisible hand of direction that gently 
guides them into a world so carefully 
built. 
(M=1.63,SD=1.26)  
C25: Participant 
questioned how to 
complete tasks in the 
game (F).  
The player questions how to use the 
enemies to complete the game task.  
(M=3.74,SD=1.52)  
I lost now. “How can I go to that 
one?”. (M=3.68,SD=1.29)  
The player saw the cube fail down into 
water and a bit think how to catch up the 
cube. (M=3.42,SD=1.64)  
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C26: Participant 
questions his/her 
current actions in the 
game (F).  
The player questions where the 
princess is and what the next task is. 
(M=3.47,SD=1.46)  
The questions how to upsize the 
droplet until see the little water 
around the way. (M=3.42,SD=1.39)  
The player can not complete in one step 
when he/she can open the door he/she 
have to think and use the funnel to escape.  
(M=3.21,SD=1.75)  
C27: Participant 
repeats instructions, 
words or concepts 
presented in the 
game (F).  
The player repeats some word from 
game information such as “Hunt 
time”.  (M=0.32,SD=0.46)  
The player repeats the instruction 
in the game…”This notebook absorb 
water….”.(M=0.74,SD=0.93)  
The player said “Apple” as the robot said. 
(M=0.26,SD=0.56)  
C28: Participant 
makes exclamations, 
as a positive or 
negative outburst (F). 
Hey, the game have a instruction..it’s 
so beautiful. (M=2.42,SD=2.06)  
The player said “Nop not the end it 
not now”. (M=3.11,SD=2.49)  
The player said “Haha I totally engaging...”. 
(M=2.26,SD=2.02)AUG005 
C31: Participant 
makes statements of 
like or dislike about 
game tasks (F). 
The game is look like Mario.. 
(M=2.89,SD=1.89)  
The player said..”It does not clear 
this is the end”. (M=2.95,SD=2.44)  
The player said “Wow wow this is so 
cool”. (M=2.26,SD=2.00) AUG005 
 
 
C32(-): Participant 
talks about the 
qualities of the 
materials, objects or 
attributes of the 
game world (F).  
“Shift button is very useful...” “The 
game is look like easy but not 
easy”.(M=1.63,SD=1.75)   
when recode (M=5.37,SD=1.80)   
 
The player said…”…make sense 
when we can jump”. 
(M=2.05,SD=1.87)  
when recode (M=4.95,SD=1.87)   
 
The player said “The game look like the 
movie”. (M=0.89,SD=1.24)AUG005 
when recode (M=6.1,SD=1.24)   
 
C41: Participant 
describes 
action/tasks/goals in 
terms of analogies or 
metaphors (F).  
I have to kill all of you. 
(M=0.42,SD=0.67)  
The player said “I need to get it and 
try it again”. (M=0.16,SD=0.37)  
The player said “Let’s see what in 
there..You come with me my friend.”. 
(M=0.47,SD=0.84)AUG005 
C42: Participant had 
eureka-type 
moments in the game 
(F). 
Wow, That’s interesting.. 
(M=1.11,SD=0.85)  
The player said “Oh..look at that” 
when she/he saw the paper clips . 
(M=0.95,SD=0.91)  
The player said “Yes or This is Awesome” 
when he/she and solve the problem. 
(M=1.05,SD=1.72)  
C43: Participant has 
an abrupt change in 
activity designed to 
help complete a task 
(F).  
The player cannot solve the whole 
jigsaw then change to do other action 
for getting ideas.  
(M=0.74,SD=1.02)  
The player changes the new area to 
find the way to complete task such 
as under the table. 
(M=0.63,SD=1.26)  
The player can not complete task then go 
to main menu and find the early level to 
play. (M=0.74,SD=1.09)  
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Appendix C 
Assessment Checklist 
This detail shows the Consensual Assessment Checklist for expert review method.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Based on Norman worked, (Norman, 1986) the stages of player activities involved in 
the performance of the task. 
Procedure  
Day1 : Game 1 
 Expert plays one game around 30 mins 
 Expert assesses checklists 15 mins 
Day2 : Game 2 
 Expert plays one game around 30 mins 
 Expert assesses checklists 15 mins 
Day3 : Game 3 
 Expert plays one game around 30 mins 
 Expert assesses checklists 15 mins 
 
 Day1 Day2 Day3 
Expert1-Josh Portal 2 I-Fluid Braid 
Expert2-
Nicole 
Braid Portal 2 I-Fluid 
Expert3-David Portal 2 Braid I-Fluid 
 
 
Goals 
Action Interpretation 
Game play 
(System) 
Evaluation 
Perception 
Intention 
Control 
(Execution) 
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Dimension Descriptive Definition Given Judges 
Code 
Strongly disagree    - > Strongly 
agree 
  1 2 3 4 5 6 7 
1.      Goals Goals help maintain prior critical thinking experience and 
visualize the cause and effect of players’ actions (Mcginnis et al., 
2008).  
G1               
-        To achieve 
goal 
-          Primary goals have multiple components, are 
open-ended and/or are emergent, e.g. I can choose which non-
playing characters I can help. 
  -          Primary goals encourage the player to create 
their own combination of sub-goals, e.g. I need to set my own 
practice schedule so I will be ready to battle the boss. 
G2               
  -          Goals orient the player towards developing 
new skills, understanding, improving the level of competence, or 
achieving a level of mastery based on self-referenced standards, 
e.g. I am going to improve on my last lap time. 
G3               
  -          The game provides a series of short-term 
goals with complexities built in. G4               
  -     Goals of game should be clear and presented at 
appropriate times.  G5               
  -     Narrative mechanisms such as events, travel 
and/or time allow players to understand their progress towards 
achieving goals.  G6               
-          To 
succeed at a 
particular 
challenge 
-          Cognitive, logical thinking or strategic 
planning is the focus of the main challenges in the game. 
G7               
  -     There are multiple types of scenarios/challenges 
made available in the game. G8               
  -     The game provides new scenarios/challenges at 
an appropriate pace.  G9               
  -     The game allows the player to approach problems 
in their own way. G10               
  -     Challenge difficulty is adjusted by the player to 
match his/her level of competence. 
G11               
  -     Challenges in games match a player‘s skill levels. G12               
  -     The game provides different levels of difficulty 
for different players. G13               
  -     The level of challenge increases as the player 
progresses through the game and increases his/her skill level. 
G14               
  -     The game allows the player to solve problems 
through a variety of choices. 
G15               
  -     The scenarios and choices in the game are clearly 
related to the game narrative. 
G16               
2.      Action/Inte
raction Actions are meaningful in the larger picture of game play. They 
answer the question “What can the players do”(Schell, 2008).  
A1               
-          To do 
some actions 
-     The game provides easily understood rules. 
  -          Players develop an understanding of the rules 
using reasoning, observation, hypothesis testing and/or mental 
reflection. A2               
  -      The rules allow the player to perform more than 
three different interactive actions at any one time to address a 
scenario.  A3               
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  -      The rules allow the player to perform different 
methods or solutions to complete/solve a problem. 
A4               
  -          The game provides the player with interesting 
options and choices. A5               
  -      The game allows the player experienced a lot of 
freedom in the game.  A6               
  -          The game allows for player actions that 
impact on and shape the game world.  A7               
  -          The game‘s interface is easy to learn, use and 
master. A8               
  -      Game actions provide a sense of control over 
characters, units, movements and/or interactions in the game 
world. A9               
  -      Players discover the story of a game as part of 
game play. A10               
  -      The actions available to the player work well 
with the story of the game. A11               
-          Have 
physical Control 
-      The game has good input control.   
A12               
  -      The game allows a sense of control over the 
game interface. A13               
  -      The game minimises errors that are detrimental 
to the game play. 
A14               
  -          The game supports players in recovering from 
errors. A15               
  -      Players should feel a sense of control over the 
actions that they take and the strategies that they use.  
A16               
  -      Players are free to play the game the way that 
they want. A17               
  -          The game increases the players‘ skills at an 
appropriate pace as they progress through the game.  
A18               
3.      Interpretat
ion 
The interpretation of a game form is a representation of an exact 
and full description of the physical rules of a given of a situation 
(Rubinstein, 1991).  
I1               
-          To 
perceive outcome 
-          The game provides visual and/or audio output 
that allows the player to assess the state of game play at any given 
time. 
  -      The game provides mechanisms for players to 
receive immediate feedback on their actions. 
I2               
  -      The game allows the player to readily recognise 
the effect that their actions have had during game play. 
I3               
  -      The game provides players with a sense that the 
system responds to their actions. 
I4               
  -      Dramatic effects in the game are supported by 
game events. I5               
-          To 
interpret feedback 
-       Feedback on goal progression provides positive 
reinforcement or information which enhances free-choice and 
self-awareness, e.g. Progression bar used to show goal progress. 
I6               
  -          The game provides outcomes based on chance 
and randomness. I7               
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  -       Feedback of goal progression is continuous, e.g. 
progression bar, constantly updating to reflect the players 
performance. I8               
  -          The game rewards players for their effort and 
skill development. 
I9               
  -          The game provides players with feedback on 
progress toward their goals. 
I10               
  -       The game‘s visual and/or audio output is 
consistent with  game elements and the overarching setting and 
story. I11               
  -          The game allows players to always know their 
status or score. I12               
-    To evaluate 
goals 
-          The game allows players to evaluate the 
success of their actions based on outcomes of these actions. 
I13               
  -          The game requires players to experiment with 
ideas and evaluate their effectiveness. 
I14               
